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GENERAL INTRODUCTION. 
Perhaps always in the history of mankind the replacement of 
diseased, or worn out tissues by sound parts from other 
persons or animals has fascinated human nature. In Greek 
mythology mention is made of transplantations from animals 
to men and among the early Christians to Cosmas and Damián 
is ascribed the transplantation of a leg from a negro to 
a white man. More serious work is reported from the beginning 
of the nineteenth century. According to Converse and Casson 
(1968), Baronia reported in 1804 successful autogeneous 
skin grafts in sheep. The description of Reverdin, in 1869, 
of his procedure in covering granulating surfaces with small 
pieces of epidermis marked an epoch in plastic and transplan-
tation surgery (Balch and Marzoni, 1977). 
In the early descriptions there was no distinction between 
the behavior of skin grafts from the patient's own body, 
or taken from another person or animal. Jensen suggested 
in 1903 that the homograft rejection is mediated by a process 
of immunization. In the first decade of this century, Alexis 
Carrel developed the vascular anastomosis, after wich organ 
transplantation became possible. Carrel and Guthrie made 
rapid progress in the technique of organ transplantation 
and replantation, but they were ignorant of the problems 
related to immunology (Carrel, 1907). Gradually the role 
of immunology was better understood, especially by the work 
of Medawar (1944, 1945). However, the variety of immunological 
reaction patterns after transplantation between ordinary 
animals, prevented further development of transplantation 
biology. Organ transplantations in immunologically defined 
rat models were not possible before the development of micro-
surgery in the early sixties. Microsurgery enables basic 
work in the laboratory, in the field of immunology by re-
finement of the technique. Organ transplantation between 
members of two different inbred strains of rats exhibits 
a marked constancy in rejection patterns and provides a 
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constant and reproducible model in studying immunology and 
physiology. 
Clinical renal transplantation is no longer an experimental 
procedure, but is rather an established method in the treatment 
of advanced renal diseases. In contrast, results after clinical 
small bowel transplantation are very disappointing. The 
literature documents only 7 clinical small bowel transplan-
tations. All patients died soon after the transplantation; 
only one survived for 79 days (Fortner et al., 1972a, 1972b). 
The most common causes of death after small bowel transplan-
tation are technical and immunological problems. 
As it is very likely that there will always be indications 
for small bowel transplantation, it may be concluded that 
experimental work should be continued. 
As we became interested in microsurgical techniques, we 
were able to perform small bowel transplantations in the 
rat. With this investigation, we tried to make a contribution 
to the development of surgical techniques in small bowel 
transplantation in the rat and the preservation methods 
of the graft. An additional purpose was an evaluation of 
the influence of the mesocaval shunt, which is often created 
in the transplantation technique. Further aims were to under-
take an evaluation of the postoperative course and the influ-
ence of the graft versus host (GVH) and the host versus 
graft (HVG) reactions, which may occur after the transplan-
tation. A method for the detection of early rejection was 
also sought. 
****** 
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-CHAPTER I-
PRELIMINARY HISTORICAL AND TECHNICAL NOTES. 
1.1. Clinical small bowel transplantation, with some remarks 
on experimental small bowel transplantation. 
I.1.1. INDICATIONS. 
Total or subtotal loss of the small bowel may be considered as 
a transplantation indication (Largiadèr, 1981). The most 
common indication for massive resection of the small bowel 
is mesenteric vascular occlusion, caused by embolism, thrombo-
sis, or strangulations of the entire small bowel. Occasionally, 
generalized inflammatory diseases of the small bowel will 
necessitate massive resections, but it remains questionable 
whether in these instances transplantation may be a method 
of choice, as nothing can be said about the recurrence of 
the underlying disease in the allograft. Rarely, massive 
small bowel resections must be performed for tumor in the 
mesentery. In these instances, indication for transplantation 
will also be questionable. Another group of possible indications 
is found in congenital malformations, such as multiple small 
bowel atresia. 
After massive resections, the subsequent course of patients 
is determined by the length and the site of the resected 
intestine, as well as the nature of the underlying disease. 
Short gut syndrome, characterized by undernutrition, stea-
torrhea, and acid diarrhea may follow massive resections 
(Wright and Tilson, 1971). The small bowel has great compensa-
tory abilities, resulting in increase of absorptive capacity 
in the remaining parts. Parenteral nutrition is an essential 
additive support during this period of adaptation: hyper-
plasia, hypertrophy, dilatation, and lengthening. Sometimes 
as little as 30cm small bowel is sufficient (Scheflan et 
al., 1976). Small bowel reversal of segments may cause initial 
increase in intestinal absorption, but lack of standardization 
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of segment length will cause unpredictable results, with 
significant morbidity (Wilmore and Johnson, 1968). Patients 
in whom the management of the situation is impossible except 
with total parenteral nutrition, may present indication 
for small bowel transplantation. Parenteral nutrition may 
be of great value, but every available opportunity to utilize 
the digestive and absorptive capacity of the alimentary 
tract has to be used (Cuthbertson, 1980). However, the results 
of the seven clinical small bowel transplantations indicate 
that there is still too little experience to justify such 
a procedure in the clinical situation. An analysis of the 
seven clinical transplantations will reveal some of the 
difficulties that may be encountered. 
1.1.2. CLINICAL CASE REPORTS. 
Case 1. 
In 1967 the first complete intestinal transplantation was 
done by Lillehei and associates. A 46-year-old woman lost 
her entire intestine (from the ligament of Treitz to the 
rectum), as a result of diffuse mesenteric thrombosis. The 
intestine was resected, on March 27, together with the spleen 
and the omentum. A gastrostomy and duodenostomy were performed, 
while the distal rectum was closed. She recovered from surgery 
and on April 5, 1967, a cadaver donor transplantation was 
performed using the bowel, from the ligament of Treitz, 
to the mid-transverse colon. The superior mesenteric artery 
(SMA) of the graft was ¡joined end-to-side to the iliac artery, 
and the superior mesenteric vein (SMV) of the graft end-to-side 
to the cavai vein. A jejunostomy and colostomy completed the 
transplantation. Restoration of continuity was planned at 
a later date. Soon after the operation, the patient went 
into a shock and died 12 hours after surgery. At autopsy, 
the portal vein of the patient was completely thrombozed. 
The grafted bowel showed venous congestion, although the 
vessel anastomoses were open (Lillehei et al., 1967). 
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Case 2 . 
The second transplantation was performed by Okumura and 
associates in 196Θ (Okumura et al., 1969). The patient was 
a 34-year-old woman, whose total small bowel and left colon 
had to be removed because of mesenteric arterial thrombosis. 
Ten days after surgery, a cadaver donor small bowel allotrans-
plant, measuring 1.70 meters, was transplanted. The mesenteric 
vessels of the graft were anastomosed end-to-end to the 
left iliac vessels. Both ends of the graft were brought 
out as enterostomies. On the sixth day after transplantation 
biopsy specimens revealed ischemic necrosis which could 
not be explained. The patient became emaciated and there 
was oliguria, with a rise in blood urea. Hemodialysis had 
poor results and on day ten the graft had to be removed 
because of necrosis. Histological examination revealed 
ischemic necrosis, without signs of rejection, and with 
open vasculature. Two days later the patient died, with 
severe disturbances of water and electrolyte balance. 
Case 3. 
The patient was a 35-year-old male, who suffered from colonic 
polyposis and mesenteric fibromas (Gardner's syndrome). 
Operation was performed by Olivier and associates (1969). 
The small intestine and ascending and right transverse colon 
were resected, after which cadaver donor allotransplantation 
was performed. The graft consisted of the jejunum, ileum, 
ascending colon and right transverse colon. The host mesenteric 
vessels were anastomosed end-to-end to the donor mesenteric 
vessels, so that the graft in fact was placed orthotopically. 
The jejunum of the recipient was anastomosed to the jejunum 
of the graft, and the distal end of the graft was brought 
out through the abdominal wall as a colostomy. Immunosuppression 
was started postoperatively. Two weeks after transplantation 
laparotomy had to be performed on suspicion of acute rejection. 
Fluid was found in the peritoneal cavity, but the circulation 
of the graft was intact. A biopsy of the grafted colon revealed 
lymphatic stasis and hemorrhagic changes of the epithelium 
19 
with round cell infiltration as indication of rejection. 
The immunosuppression was changed, but necrosis of the graft 
occurred and the patient died of septic shock 26 days after 
transplantation. 
Case 4. 
The fourth transplant, also m 1969 (Alican et al., 1971) 
was in an 8-year-old boy who had lost his total small bowel 
due to necrosis caused by a mesenteric band. After resection, 
intravenous hyperalimentation was started and four months 
later transplantation was performed. One meter of terminal 
ileum from the child's mother was taken as an allograft. 
The mother of the child had а В tissue match on the Terasaki 
scale. The mesenteric vein of the graft was anastomosed 
end-to-side to the left renal vein, and the mesenteric artery 
was anastomosed end-to-side to the aorta of the recipient. 
Both ends of the graft were brought out through the abdominal 
wall as enterostomies. After the transplantation immuno­
suppression was started. On the seventh postoperative day 
the patient became septic while the stornata of the graft 
appeared necrotic. At laparotomy a perforated duodenal ulcer 
was found, which was closed surgically. The circulation 
of the graft was still intact, although the bowel was necrotic. 
The graft was removed. In spite of intravenous alimentation, 
the patient died, 32 days after the transplantation, due 
to continued intra-abdominal sepsis. Histopathological exami­
nation of the graft revealed ischemic necrosis, with open 
large vessels, probably caused by acute rejection. 
Case 5. 
The next two transplantations were done by Deterlmg (1971). 
An infant of unspecified age had total loss of the small 
intestine, caused by mesenteric thrombosis. A segment of 
the mother's ileum was taken and grafted into the child. 
Vessel anastomoses were performed with the aorta and the 
cavai vein. Within 12 hours the child died, probably due 
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to a bad general condition. At autopsy the graft was in 
good condition, and the vasculature open. 
Case 6. 
The patient was again a child of unspecified age, with total 
loss of the small bowel caused by mesenteric thrombosis. 
It was possible to find a donor, who was of about the same 
size as the recipient. Operation time was coordinated with 
the death of the donor. Unfortunately, no data were reported 
on technical details of the operation, particularly about 
the vascular anastomoses. It is known however, that at the time 
of the operation indications of antemortem autolysis of 
the intestinal graft were observed. The result of the operation 
was disappointing. After several days the graft had to be 
removed. A few weeks later the patient died of unknown reason. 
Case 7. 
The seventh transplantation was performed by Fortner and 
associates (1972a, 1972b). The recipient was a 37-year-old 
woman with Gardner's syndrome. The entire small bowel and 
the right colon were removed. For 15 months the patient 
was maintained on I.V. hyperalimentation, and then received 
an intestinal transplant, from an HL-A-identical sister. 
The length of the allograft was 1.70 meters of the lower 
jejunum and the upper ileum. Vascular anastomoses were performed 
to the right internal iliac artery and the common iliac 
vein of the recipient. The continuity of the intestinal 
tract was restored by anastomosing the proximal end of the 
graft to the duodenum and the distal end to the colon. A 
small isolated jejunal pouch, formed from the graft, was 
left protruding through the abdominal wall, for direct obser-
vation and biopsy. A regimen of immunosuppression was started 
with ALG, azathioprine, and prednisone. In the period before 
the transplantation, the patient lost 500-1500 ml liquid 
stool daily, whereas semiformed stools were present, once 
or twice daily, after one week. Three weeks after transplan-
tation, oral feeding was started, supplemented by I.V. hyper-
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alimentation. On the 11th day after the operation a rejection 
crisis was diagnosed, which caused damage to the mucosa 
of the graft. The further posttransplant period was stormy, 
with febrile episodes, progressive weakness, hepatomegaly 
and liver dysfunction. 79 days after the transplantation, 
the patient died with E. Coll sepsis. At autopsy the vascular 
anastomoses were normal, but the graft was atrophic. Epithelial 
crypts, however, were still present. Histological examination 
of the liver revealed severe fat infiltration. It was stated 
that the patient's appearance in the latter part of her 
clinical course was suggestive of graft versus host reaction, 
but the diagnosis was not proven. 
1.1.3. DISCUSSION. 
Lillehei and associates (1959a) demonstrated in dogs that 
the entire small bowel could survive reimplantation despite 
complete severance of connections with the central nervous 
and lymphatic systems (Goott et al., 1960). In 1972 Ruiz 
and Lillehei stated that the experimental background for 
intestinal transplantation in dogs was least as complete 
as that for any other organ, thus justifying the clinical 
experiment in the patient, who could not survive by any 
other means. Presently, however, we have to conclude that 
there are too many problems in man to continue the "clinical 
experiment". 
1.1.3.1. Technical problems. 
-a) Venous anastomosis. 
As vascular obstructions in the clinical situation are the 
most important indications for massive small bowel resections, 
it is very likely that, as a result of the underlying disease, 
a vascular anastomosis of the SMV with the portal vein of 
the recipient will be impossible because of the high risk 
of thrombosis of the portal vein. As is demonstrated in 
the seven clinical situations, in almost all instances a 
functional mesocaval shunt had to be created. In only one 
patient it was possible to perform a orthotopic transplan-
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tation, with vascular anastomoses of the graft to the mesenteric 
vessels of the recipient (Olivier et al., 1969). The formation 
of a mesocaval anastomosis will cause metabolic changes 
and it may be expected that there will be some influence 
on the microcirculation of the graft. After small bowel 
transplantation, the microcirculation of the graft can be 
expected to be seriously damaged by the operation trauma, 
the denervation, the warm and cold ischemic period, the 
severance of the lymphatic vessels, and the preservation 
method. A mesocaval^shunt will further compromise the damaged 
microcirculation of the graft. 
-b) Incongruency. 
Another technical problem may be the size of the graft. 
In an infant the graft, taken from a related living donor, 
may be too large for the recipient. 
-c) Antemortem autolysis. 
Deterling tried to solve the problem of incongruency by 
taking a cadaver donor graft of suitable size. He was confronted 
however, with antemortem autolysis, making the cadaver intesti­
nal graft very questionable (Deterling, 1971). 
-d ) Preservation methods. 
In the seven reported clinical small bowel transplantations 
the ischemic times were rather short (as far as reported), 
usually less than one and a half hours. In some instances 
the vascular bed was flushed and the graft was then stored 
in a cold solution. When donor and recipient can be operated 
simultaneously, this method for short term preservation 
will be sufficient. Experimental preservation methods have 
rendered poor success (Toledo-Pereyra, 19Θ1 ) . Hypothermic 
storage techniques give inferior results compared with hypo­
thermic pulsatile perfusion techniques (Toledo-Pereyra et 
al., 1973, 1974a, 1974b). Organ preservation by means of 
hypothermia and hyperbaric oxygen, started in 1964 by Lillehei 
and associates in dogs, has rendered successful results in 
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small bowel storage for 24 and 48 hours, but according to 
other investigators, with very inconsistent success (Toledo-
Pereyra, 1981 ) . 
-e ) The severance of lymph vessels. 
After autotransplantation of the small bowel in dogs, in 
the first days diarrhea was seen, but after about ten days, 
the stools appeared to be normal (Lillehei et al., 1959a). 
At that time all dogs were gaining weight. At the end of 
the fourth postoperative week, there were already normal 
sized lymphatic channels, which delivered lymph from the 
intestinal lymphatics into the thoracic duct (Kocandrle 
et al., 1966 ) . 
-f) The denervation. 
An altered roentgenologic appearance of the small bowel 
was found after autotransplantation in dogs (Ballinger et 
al., 1962). This was associated with decreased fat absorption 
and loss of mucosa and villi. 6 to 8 months were necessary 
for the restoration of the anatomical and functional changes. 
These changes were also obvious after complete denervation of 
the small bowel without ischemia, and therefore mainly related 
to the denervation. As judged from intraluminal pressures, 
measured by small balloon-tipped catheters, both denervation 
and ischemia appeared to contribute to the marked alteration 
of motility of canine jejunum allograft (Schiller et al., 
1973) . 
1.1.3.2. Immunological problems. 
As the graft contains a large population of immunocompetent 
cells in both the Payer's patches and the mesenteric lymph-
nodes, the possible occurrence of GVH reaction is likely 
following small bowel allotransplantation. In canine allografts 
of the small bowel, GVH reactions were found (Lillehei et 
al., 1959b). To reduce the possibility of a GVH reaction 
irradiation of the graft was successfully performed in dogs 
(Cohen et al., 1976). It was thought, that the immunological 
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effects of the passenger lymphocytes were modified after 
radiation. Small segments of the small bowel cannot initiate 
a GVH reaction after allotransplantation. In dogs they were 
rejected like other organs (Barnett et al., 1962; Preston 
et al., 1965). Rejection can be reversed by immunosuppression 
(Preston et al., 1966; Ruiz et al., 1970; Hardy et al. 1970). 
The detection of early rejection is an important, but hitherto 
unsolved problem. In most instances one or both ends of 
the graft were brought through the abdominal wall, as entero-
stomies . This procedure allows careful observation of the 
circulation of the graft. Also it was possible to take biopsy 
specimens, to detect "early rejection". For this purpose, 
a special pouch was formed from the grafted jejunum, isolated 
from the graft and brought with one end through the abdominal 
wall, while the other end was closed. This pouch allowed 
close observation of the graft, while it also was used to 
take biopsy specimens of the grafted mucosa (Kunlin et al., 
1971). Fortner and associates (1972a, 1972b) used this principle 
in clinical small bowel transplantation. 
To detect "early rejection", a special histomorphometric 
examination method of sequential mucosal biopsies from an 
enterostomy has been developed (Stauffer, 1975; Stauffer et 
al., 1975). However, as will be demonstrated in chapter 7, 
it seems very unlikely that early rejection can be detected 
"early" in the mucosa of the graft. The rejection of the 
mesenteric lymphnodes, together with the mesenteric circulation, 
appears to start some days before the rejection of the mucosa 
of the graft. This may explain why in two clinical transplan-
tations the graft had to be removed, because of early ischemia, 
with open vascular anastomoses, after 10 days and 7 days 
(Okumura et al., 1969; Alican et al., 1971). Although not 
histologically proven, it may be that the early ischemia was 
caused by rejection phenomena involving the mesenteric 
circulation. On the other hand, in cases of GVH reactions, 
no changes can be detected in the mucosa of the graft, so 
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that the method of sequential biopsies from the mucosa will 
give no information. 
Function tests have been proposed as sensitive tests, to 
detect early rejection of an allografted small bowel. The 
14 absorption of *C D-glucose, as a method to evaluate the 
allograft function and to detect impending rejection, was 
introduced by Hardy and associates (196Θ ) . The main disad­
vantage of functional tests is that, in the immediate post­
operative period absorption tests will be impaired (Ruiz et al., 
1972a and 1972b) and in the case of a GVH reaction the tests 
may give normal values. 
Immunological problems remain the major handicap in small bowel 
transplantation. In only two clinical cases assessment of 
the immune status is mentioned (Alican et al., 1971; Fortner 
et al., 1972a, 1972b). Although donor and recipient were 
HL-A-identical in the clinical small bowel transplantation 
performed by Fortner, the occurrence of early rejection 
was possible, while the later course of the recipient was 
compatible with a GVH reaction. At autopsy severe liver 
necrosis was found. It was suggested that the formation 
of the mesocaval shunt would have at least contributed to 
the liver damage. In our opinion, the liver damage is more 
likely to be explained by a GVH reaction (although histological 
proof was not given), than by the formation of a mesocaval 
shunt. 
1.1.4. CONCLUSIONS. 
* As life without the small bowel is only possible with 
total parenteral nutrition, with all its difficulties and 
shortcomings, it is very likely that the question of small 
bowel transplantation will be of present interest. 
* Although moderate results have been achieved in dogs, 
in man small bowel transplantation has so far been disappointing. 
* The operative technique of small bowel transplantation 
in man will cause no serious problem, but as a result of the 
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underlying disease, often a mesocaval shunt has to be created, 
of which the implications are not exactly known. 
* Many technical problems still exist in the preservation 
methods. In the clinical situation only the short term preser-
vation method can be used at this moment. This means that 
donor and recipient have to be operated simultaneously. 
* Knowledge of immunological and histological reaction patterns 
after small bowel transplantation seems to be very imperfect. 
* As entire small bowel transplantation may cause GVH reaction, 
which is not foun.d after transplantation of a short segment, 
only the latter method can be recommended. 
* Detection of early rejection is a serious problem, which 
has not been solved at this moment . 
****** 
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1.2. The development of microsurgery. 
The concept of tissue transplantation by means of vascular 
anastomosis was introduced by Alexis Carrel, working at 
the university of Lyons in 1901-1902 (Carrel, 1907). The 
original description of his triangulation vascular anastomosis, 
by means of a running evenng suture, is in general the 
same as presently practised in venous anastomoses. In order 
to reduce thrombus formation. Carrel advocated the intima-
to-intima anastomosis. In vessels with a thick wall an 
anastomosis should "...carefully and precisely be performed, 
in an attempt to produce accurate approximation of intima 
and adventitia, particularly in vessels of small calibre" 
(Cooley and Wukasch, 1979). 
Although Carrel's method for vascular anastomosis is well 
known today, it was Murphy in 1897 who first performed a 
vascular anastomosis by inserting sutures to produce invagi-
nation (Georgiade et al., 1979). The method of invagination 
seems to have been abandoned after the introduction of the 
triangulation technique, but possibly it may be of use in 
microsurgery. Launtzen described in 1978 a technique which 
is essentially the same as described by Murphy. 
Carrel used dogs for surgery on blood vessels. He replanted 
the hindlegs and many organs, e.g. segments of the small 
bowel. Allotransplantations were also performed. Anastomoses 
of blood vessels with a diameter of less than 4 mm., however, 
resulted in thrombus formation and stenosis (Carrel, 1907). 
The emergence of vascular surgery after World War II brought 
a new generation of surgeons, with special interest in vascular 
surgery. Several techniques were introduced, but most proved 
to be of little value. Seidenberg et al. (1958) described 
a technique by which the lumen of the vessel to be anastomosed 
was widened by including the wall of adjoining vascular 
branches into the anastomotic site. Crawford et al. (I960) 
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tried to widen the vessel anastomosis by interposing a venous 
or arterial patch into the wall of the vessels, but the 
results were moderate. 
In order to widen the anastomosis and keep it open, many 
devices were introduced. They consisted of metal or plastic 
tubes, or buttons, which were introduced at the side of 
the anastomosis. The original technique is described by 
Blakemore et al. (1942) and has been revised several times 
(Reichle et al., 1972). Initially the metal button technique 
had a high failure rate, but the advantage was that an anasto-
mosis could be made in a very short time, with a great uniformity. 
With this technique, a single operator was able to perform 25 
portacaval shunts per day in rats, with a decreased mortality 
rate (Funovics et al., 1975). Many stapling instruments 
were introduced for automatic vessel anastomosis, especially 
for small vessels (Androsov, 1956; Nakayama et al., 1962). 
The main disadvantage of these instruments is that they 
are too bulky for handling small vessels (Zwaveling, 1963). 
An important complication after suturing small vessels is 
the spasm that may occur. Buncke applied chlorpromazine 
locally to reduce vascular spasm (Buncke and Blackfield, 
1963). Hydrostatic pressure dilatation was advocated (Hedberg, 
1962). Xylocaine was used locally (Nakayama et al., 1964). 
Even sympathectomy prior to vessel anastomosis in canine 
femoral arteries was proposed (Casten et al., 1962). 
However, many of these techniques are of little value in 
suturing very small vessels, and perhaps they may be dangerous. 
In our opinion, the surgeon is more limited by his eyes 
than by his hands in anastomosing very delicate and fine 
vessels. The aim of improved visualisation was already felt 
by Nylen (1972), who introduced the microscope in 1921, 
for clinical use. In 1960 Jacobson and Suarez demonstrated 
that blood vessel anastomoses with a diameter of 1 mm could 
successfully be performed by using an operating microscope. 
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They also improved the equipment and made it suitable for 
handling fine vessels under the microscope. In general, 
the technique is the same as described by Alexis Carrel, 
but satisfactory dependable repair of 1 mm vessels cannot 
be achieved without the use of optical magnification of 
the operation field (Buncke, 1976). Before one attempts 
to perform an elective transplantation procedure, well over 
90% patency rate must be possible (Buncke, 1976). 
In the fifties Lee an Fisher started microsurgery and organ 
transplantation in the rat. Artenalisation of rat liver 
(Fisher et al., 1955). Portacaval shunt (Lee and Fisher, 1961). 
Renal transplantation (Fisher and Lee, 1965). Liver trans-
plantation (Lee and Edgington, 1966). 
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1.3. Choice of the animal. 
1.3.1. Introduction. 
Initially the dog was frequently used for all kinds of experi-
mental surgery. In transplantation programs severe rejection 
phenomena and infections were seen, which could not be explained 
at that time (Carrel, 1907). In randomly selected dogs, 
that not only differ widely in histocompatibility antigens 
but also in the amount of naturally occurring alio- and hetero-
specific antibodies, neither patterns and time of onset, 
nor the duration of rejection periods of organ allografts 
is predictable. In later years it became customary to use 
inbred strains of mice. Non-vasculanzed grafts were used 
initially, such as tumors (Gorer, 1956), or skin grafts 
(Billingham, 1961) and later on even organ transplantation 
became possible, such as heart (Corry et al., 1973) and 
kidney (Skoskiewicz et al., 1973), but of course there are 
many technical problems with such a small animal. 
As a laboratory animal, the rat offers many advantages 
(Billingham et al., 1962; Silvers and Billingham, 1970). 
The rat is inexpensive to obtain and maintain, especially 
compared to the dog. Highly inbred strains are available. 
The rat has a high natural resistance to infections. Clean, 
but not sterile instruments in rat surgery are sufficient. 
The rat is easy to handle and all experiments can be carried 
out by a single operator. Blood chemical examinations and 
metabolic studies are easy to perform. The diameter of the 
vessels is sufficiently large to apply standardized operating 
procedures. For small bowel transplantation too, the rat 
seems to be a suitable animal. 
1.3.2. The strains of rats used in these experiments. 
Only male rats were used. Female rats are more agressive 
than male rats, and occasionally suffer from infections 
secondary to bites. Another argument to use male rats was that 
I.V. injections can be given easily through the penile vein. 
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Strains of rats. 
Wistar rats, from the TNO laboratories (Zeist, The Netherlands). 
This strain of rats derived originally from the Wistar Insti­
tute, Philadelphia, was inbred untili 1941, but is now main­
tained by chance-mating. Rats from this strain can reject 
skin grafts from donors from the same strain, but only 
occasionally the liver and the kidney (Jerusalem and Yap, 
1977). Wistar rats are very strong laboratory animals. We 
used these rats for all experiments on organ preservation 
and for our experiments on ischemic tolerance and mesocaval 
shunting. 
The ACI rat strain. This is an inbred strain of rats, originally 
named "AxC". This rat strain is derived from the "Central 
Animal Laboratory" at Nijmegen (The Netherlands), where 
it is maintained by brother-sister mating. The strain is 
now in the 112 generation. The genetic homogeneity of 
this highly inbred strain has been confirmed by us by permanent 
survival of intrastrain skin grafts in 10 of 10 rats. This 
strain served for experiments on isogeneic small bowel trans­
plantations . 
As donor and acceptor in an immunogenetically defined allo­
geneic transplantation model respectively the BN rat strain 
and the (Wag/Rij χ BNÍF. hybrid rat strain were used. Both 
rat strains were obtained from the TNO laboratories. 
All rats were kept under specific pathogen free conditions 
(SPF), thus free of pleuropneumoma-like-organisms and other 
endemic infections. 
32 
1.4. Anesthesia. 
Two anesthetic agents are frequently used in experimental 
microsurgery in rats : pentobarbital, administrée! intra-
peritoneally, and ether, given by inhalation. The mam dis-
advantage of pentobarbital in abdominal surgery is, that 
the depth of anesthesia is not as quickly altered as In 
ether anesthesia. Especially in organ transplantation un-
controllable fluctuations may occur in the depth of anesthesia, 
caused by vascular clamping and lowering of the body temperature. 
With ether, the open drop method is frequently used (Fisher and 
Lee, 1965). In the open method the surgeon, too, inhales a 
good deal of the ether. We therefore developed another system 
for administration of ether. The apparatus resembles a semi-
closed inhalation system and was made from disposable syringes 
(Fig. 1.1. ). 
Fig. 1.1.: Semiclosed ether apparatus for rat anesthesia. 
For legend see text. 
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As shown in fig. 1.1. the ether compartment (3), which contains 
an ether soaked gauze, can be rotated in the outer shell. 
The bottom of this compartment is half closed with a membrane 
(8). At the corresponding point in the outer shell another 
half membrane is placed, (8), so that by rotating the ether 
compartment the amount of ether in the head chamber (4) 
can be regulated. The head of the rat is pushed into the 
head chamber through a snuggly fitting hole in cap 10. Air 
is introduced at point 5 by means of an ordinary aquarium 
pump (1) through a small tube. The amount of air can be 
regulated by valve 6, while an impression of the air flow 
can be obtained by observing the air bubbles in the water 
bubbling trap (2). The amount of air and ether can be regulated 
independently. Valve 7 is usually closed, but if the rat 
awakens, valve 7 is opened briefly. This deepens the anesthesia 
immediately. 
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1.5. Materials used for microsurgery. 
-a) Instruments. 
The instuments for microvascular surgery in this study were 
essentially the same as described by Fisher and Lee (1965), 
and Acland (1977 and 1980). The needle holder was a short 
straight one, with round handle, which could easily be rotated 
about the long axis. AsSatinsky-like vessel clamp, for aorta 
and cavai vein, a small curved mosguito forceps was modified, 
as described by Fisher and Lee (1965). Curved or straight 
small tissue forceps, which were provided with locks, and 
shod with short pieces of silastic tubing, served for anasto-
mosing smaller vessels. 
-b) Instruments for hemostasis. 
For hemostasis a bipolar coagulator, provided with jeweler's 
forceps (MET Fisher) was used. With this instrument accurate 
hemostasis can be achieved, even under water, and tissue 
damage is minimal. Hemoclips and ligatures were also used. 
-c ) Suture material. 
All vascular anastomoses were performed with monofilament 
nylon, provided with a round bodied needle; Ethylon 8-0, 
with BV-2 needle (Ethicon). 
-d) The microscope. 
A stereoscopic operating microscope, Zeiss Mark 7 P/H, was 
used for all microsurgical dissections and for all micro-
vascular anastomoses. This instrument is designed for two 
surgeons, sitting opposite one another. The microscope is 
provided with a bright fiberoptic illumination, remote controls 
and a zoom objective. The magnification ranged from x4 to 
x25 with standard lenses. Later we used for dissection work 
standard field surgical telescopes, custom designed, with 
magnification x2.5 and a working distance of 16 inch (Surgi-
spec). These telescopes were not suitable for vessel anastomoses 
in the rat, as the optical magnification is too low. 
* * * * * 
35 

-CHAPTER II-
TECHNIQUES OF SMALL BOWEL TRANSPLANTATION. 
11.1. Introduction. 
Originally, small bowel transplantation was performed in 
dogs. For technical reasons, and for studying preservation 
and physiological behavior, the small bowel transplantation 
m the dog is very suitable. For studying immunological 
properties of small bowel transplantation, the rat is more 
appropriate. 
11.2. Small bowel transplantation in the dog. 
The first small bowel transplantation in the dog is usually 
ascribed to Lillehei and associates in 1959, but actually 
Alexis Carrel was the first to perform an autotransplantation 
of a segment of the small bowel in the dog to the cervical 
region (Carrel, 1907). The vessels of the segment were anasto-
mosed with the jugular vein and the carotid artery. The 
ends of the graft were sutured to the skin. The appearance 
of the graft was entirely normal, with spontaneous peristaltic 
movements, soon after re-astablishing the circulation. 
"Unfortunately a phlegmon of the neck developed the following 
day, and it was necessary to extirpate the loop of intestine" 
(Carrel, 1907). 
Lillehei et al. (1962) used this technique for segmental small 
bowel allotransplantation in dogs. Orthotopic auto- and 
allotransplantations of the entire small bowel of the dog 
were also performed (Lillehei et al., 1959a, 1959b). The 
duodenum and terminal ileum were divided and after injection 
of 5 mg heparin in 5 ml saline into the mesenteric artery, the 
vessels were divided between clamps. The removed bowel was 
placed in a sterile towel and kept for one to two hours 
at room temperature, depending of the planned experiment. 
For replantation of the bowel the superior mesenteric artery 
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(SMA) and vein ISMV) were sutured end-to-end on their remaining 
stumps, with silk 6-0, just below the common colic artery and 
the inferior mesenteric vein. The continuity of the intestinal 
tract was restored by making two intestinal end-to-end anasto-
moses. In fact an orthotopic functional position of the 
graft was obtained. Sometimes vascular anastomoses with 
the right iliac artery and vein were performed (Preston, 1966). 
Initially this procedure had a high mortality rate because 
of errors in the technique (causing kinking of the vessel 
anastomoses, portal vein thrombosis, and lymphatic leakage), 
or postoperative pneumonia, but later on mortality rate 
was lowered with mastery of more satisfactory techniques 
(Goott et al., 1960; Lillehei et al., 1962; Merkel et al., 
1971) . 
II.3. Small bowel transplantation in the rat. 
II.3.1. Technique after Monchik and Russell. 
The first small bowel transplantation in the rat was done 
by Monchik and Rusell in 1971. They investigated the trans-
plantation immunology of the small intestine in a genetically 
controlled situation. The small bowel of an adult donor 
rat was inserted in the recipient as an auxiliary graft. 
In a system of various parental and F. hybrid strain donor-
recipient combinations unidirectional GVH and HVG reactions 
were studied. In addition, the potential two-way responsiveness 
in allogeneic transplantations between different inbred 
strains was investigated. The rats used in the experiments 
were adult male inbred Lewis (L), and Brown Norway (BN) 
together with (LxBN)F1 hybrid strains. 
The technique used by these authors was as folllows: After 
isolating the entire small bowel in the donor on the SMA 
and the portal vein, the distal duodenum and the terminal 
ileum were divided, and the lumen was irrigated with 50 to 
70 ml of 0.5% neomycin sulfate solution. After dividing 
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the portal vein at the liver hilus the SMA was perfused with 
12 to 14 ml of ice-cold 1% heparin saline solution during 
three to five minutes until the effluent was clear. The 
SMA was divided together with a small segments of the aorta. 
Thereafter the specimen was removed from the donor and stored 
in a crushed ice-saline solution. The acceptor was simul-
taneously prepared by isolating the abdominal aorta and 
inferior cavai vein. Revascularisation of the graft was 
accomplished by an end-to-side anastomosis of the aortic 
cuff to the recipient aorta, and the donor portal vein by 
an end-to-side anastomosis to the recipient cavai vein. 
For the vascular anastomoses 8-0 silk was used. The two ends 
of the grafted small bowel were exteriorized to the abdominal 
wall, as duodenostomy and ileostomy. 
In a second experiment in only one animal that was still 
alive, 5 months after the transplantation, the recipient's 
own small bowel was resected, and the continuity was restored 
by interposing the previously isogeneic grafted small bowel. 
In 56 rats a heterotopic auxiliary transplantation of the 
entire small bowel was performed, with eleven operative 
deaths for technical reasons (19.7%). Animals that received 
isografts survived for longer than 100 days, while allografts 
between rat strains, differing at the major histocompati-
bility locus, sensitized the host, causing an allograft 
reaction and death of the recipient by the twelfth day. 
Only in the model "P—•• F. ", GVH reactions were seen, with 
death of the recipient by the twentieth postoperative day. 
II.3.2. Technique after Kort and associates. 
Kort described another technique for small bowel transplantation 
in the rat. He performed an orthotopic functional entire 
small bowel transplantation (Kort et al., 1973). The technique 
was as follows : 
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11.3.2.1. Donor operation. 
After the induction of anesthesia with ether, the donor 
received 0.3 ml saline, containing 0.015 mg atropine sulphate 
I.V. Via a midline incision, the bowel was retracted to 
the left, after which the SMA and portal vein were dissected 
free up to the aorta and the hepatic hilus. All tributaries 
were ligated and divided, so that the whole small intestine 
was isolated upon the vessels. Just distal from the duodenum, 
and proximal to the coecum, the small bowel was double tied 
with 4-0 silk and divided. 1 ml of saline, containing 0.5 
mg heparin was given I.V., and the portal vein was divided 
as high as possible. With a cuff of the aorta, the SMA was 
divided. Via the SMA the graft was flushed with cold saline 
and stored in the same solution. 
11.3.2.2. Recipient operation. 
The recipient was given 0.015 mg atropine sulphate and 
0.1 mg heparin I.V., after induction ether anesthesia. 
The abdomen was opened in the midline, and the small intestines, 
packed in saline soaked gauzes, were retracted to the left. 
Distal from the left renal artery, the aorta was freed from the 
surrounding structures and clamped with a curved buldog 
clamp. An oval aperture was made in the aorta, and an end-
to-side anastomosis was made with the aortic patch of the 
donor SMA and the aorta of the recipient. The venous anastomosis 
between the portal vein of the graft and the portal vein 
of the recipient was made in the same end-to-side fashion. 
Both anastomoses were made with silk 7-0. The SMA of the 
recipient was clamped during suturing the portal vein, to 
prevent congestion in the splanchnic region. After performing 
both anastomoses the circulation was undamped. The recipient's 
small intestines were divided just distal from the duodenum 
and proximal to the coecum. Intestinal anastomoses were 
performed, everting, with continuous sutures, 7-0 silk. 
The recipient's small bowel was skeletonized and removed. 
After surgery the rats were allowed to eat and drink ad 
libitum. They received antibiotics for two weeks (penicillin, 
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streptomycin, and cephalotin, 50,000 lU/kg, 50 and 20 mg/kg 
I.M., respectively, every day). 
Surgical mortality rate with this operation was 13 out of 
40 rats (32.5%), mainly from thrombosis of the portal vein. 
The mean survival time in an allograft group (14 animals, 
Wag/rij—»-BN), was 32 days. Animals dying within 20 days 
showed signs of an acute rejection, whereas animals dying 
after 20 days showed signs of a chronic rejection. Signs 
of a GVH reaction were never found, macroscopically or micro-
scopically . 
II.3.3. Our operation technigue for small bowel transplantation 
in the rat. 
11.3.3.1. Preoperative care. 
The animals received no particular pretreatment. About twelve 
hours before the transplantation, all solid food was removed, 
as a full stomach hampers surgery upon the portal vein. 
They were allowed to drink water ad libitum. No attempt 
was made to give preoperative antibiotics for bowel ster-
ilisation. The donor and the recipient were operated simul-
taneously, to keep the ischemic time for the graft as short 
as possible. First the preparation of the donor will be 
described and then the preparation of the acceptor, although 
some steps of the operation procedure had to be carried 
out alternatingly. 
11.3.3.2. Donor preparation. 
After the induction of ether anesthesia, the animal was 
fixed on its back upon an operating board, by taping its 
extremities. The abdomen was thoroughly shaved, washed and 
disinfected with Betadine iodine. By a midline incision 
from the xyphoid to the pubis, the abdomen was opened. 
The wound edges were retracted by self retaining eyelid retractors. 
To avoid congestion of the spleen, splenectomy was first 
carried out, so that ligation of the splenic vein at the portal vein 
could be performed. The intestines were packed in moist saline gauzes 
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and retracted to the left, outside the abdomen. The portal vein 
was exposed and the visceral peritoneum opened. All tributaries 
of the portal and mesenteric veins in the pancreatic region, 
including the splenic vein and the colic veins were ligated 
with silk and divided. Only tributaries from the jejunum and 
the ileum now remain and the portal vein was accessible 
up to the hepatic hilus. The mesenteric artery was freed, 
after opening the retropentoneum and the root of the mesentery. 
All branches supplying the colon were ligated and divided. 
In one step all lymphatic vessels from the intestines towards 
the cisterna chyli, together with all nerves in this region, 
were ligated with silk and divided. This procedure is considered 
to be an important step because in preliminary studies a 
tremendous chylus leakage was noted when the lymphatic vessels 
were not ligated. The duodenum was divided at the distal 
end and, when the bowel was empty, it was not tied off, 
in order to prevent unnecessary damage. The ileocolic vessels 
were ligated and divided, then the terminal ileum was severed 
five to seven cm proximal to the coecum, depending on the 
extent of the terminal collateral arch. The remaining tissues 
of the mesentery were severed and the small bowel was isolated 
upon the mesenteric vessels. Via the penile vein 1000 IU 
heparin in 1 ml saline was injected. The portal vein was 
divided as high as possible and then the SMA together with 
a patch of the aorta. The graft was immediately taken out 
of the body and placed upon a gauze soaked in chilled Ringer's 
lactate solution. With a 23 gauge blunt hypodermic needle, 
the graft was flushed with cold Ringer's lactate solution 
at a temperature of 5°C via the SMA. Flushing was done by 
gravity, with the bottle hanging at a height of 35 cm. After 
one minute the effluent was always clear and the graft was 
totally blanched. The flushing was stopped and the graft 
was immersed in cold Ringer's lactate solution at 2°-4°C 
and stored. The total flush volume was 1 ml in 1 minute. 
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II.3.3.3. Acceptor preparation. 
After induction of ether anesthesia, the acceptor was placed 
on an operating table, as described for the donor. The abdomen 
was shaved in the midline only in order to avoid unnecessary 
cooling of the animal after the transplantation. After cleaning 
and disinfection, the abdomen was opened in the midline, 
and the whole small bowel was skeletonized, so that all 
vasculansation towards the colon and the mesenteric lymph 
nodes remained untouched. In the distal part of the duodenum, 
and 1 cm proximal fo the coecum, the small bowel was divided 
and removed. When some contents were noted inside the lumen, 
the stumps were tied off. The peritoneum over the aorta 
and the cavai vein was opened, and the vessels were freed 
of surrounding tissues. This was also done at the height 
of the right renal vein. The aorta and the cavai vein were 
clamped off together with the curved vessel clamp. An elliptical 
opening was made in the proximal occluded part of the cavai 
vein, about 2 mm in length. Clots were washed out with 
a fine jet of Ringer's lactate solution from an irrigating 
syringe, directed at the opening. In the distal occluded 
part of the aorta another elliptical opening was made with 
a length of 3 mm. In the same way clots were removed. The 
graft was taken from the cold solution, wrapped in cold 
wet gauze and placed in the abdomen, in such a position 
that the arterial anastomosis could be performed. In order 
to prevent the early rewarming of the graft, plastic sheets 
were wrapped around the cold wet gauze that surrounded the 
small bowel graft. At first the graft was placed in the 
right part of the abdominal cavity. Two stay sutures with 
nylon 8-0 were placed in the edges of the aortic patch of 
the graft. The stay sutures were kept under slight tension 
by means of the weight of a bulldog clamp. First, the left 
side of the aortic anastomosis was sutured with continuous 
8-0 nylon. Thereupon the graft was turned to the left side 
and the aortic anastomosis could be finished on the right 
side-. With the graft in the same position, the venous anas-
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tomosis was performed. The portal vein was cut obliquely, 
to create a greater diameter for the anastomosis. Two stay 
sutures were placed in the edges and kept under slight tension 
(fig. 2.1. ). At first the left side of the anastomosis was 
performed, from inside, with continuous 8-0 nylon (fig. 2.2.). 
The right side was made from outside, without turning the 
graft. At each side of the anastomosis approximately 6 to 
7 stitches were placed. To avoid catching the opposite wall, 
the last two stitches were not drawn tight until placing 
the last stitch. The vessel clamp was opened while pressure 
was made on the suture lines with a dental cotton wool roll 
till bleeding stopped. The diameter of the mesenteric artery 
was slightly less than 1 mm ; that of the portal vein 1 mm. 
In the event of a serious bleeding point at the suture line, 
an additional stitch was made. When there was no leakage 
from the anastomoses, the vessel clamp was removed and the cold 
wet gauze around the graft discarded. The ether supply was 
switched off and the rat was placed on a rewarming mattress 
Body temperature, measured in the rectum with a thermo-couple 
was at that time 20°C. An infrared heating lamp was placed 
above the animal to support additional rewarming. 
The grafted bowel regained a normal color and tone, while 
at the divided edges bleeding points became visible At 
several points peristalsis was seen, although this was not 
striking. The arterial pulsations in the mesentery were 
firm and uniform. Intestinal anastomoses were now performed, 
with interrupted silk 6-0, everting in one layer. At the 
mesenteric edge of the bowel a border arcade usually was 
found, which may cause severe bleeding if not tied off. 
The first stitch was placed in such a way that this arcade 
was grasped. Usually 8 to 10 stitches were sufficient to 
perform the intestinal anastomosis. 
The bowel was situated in the abdominal cavity in such a 
way that kinking of the vessel anastomoses could not occur. 
No attempt was made to fix the mesenteric root of the graft. 
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Fig. 2.1. Performing the vascular anastomoses m small bowel grafting in the 
rat. The superior mesenteric vein of the graft (3) will be anasto-
mosed with the cavai vein (1), while the superior mesenteric artery 
(4) of the graft is anastomosed with the aorta (2). The venous 
anastomosis is performed just below the right renal vein (5). 
Fig. 2.2. The left side of the venous anastomosis is performed from inside. 
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Fig. 2.3. Heterotopic functional small bowel transplantation in the rat. 
Vascular anastomoses with the cavai vein (t) and the aorta (2). 
Small bowel anastomoses with jejunum (7) and terminal ileum (8). 
The row of mesenteric lymph nodes of the graft is seen at 6. 
F i g . 2 . 3 , d e m o n s t r a t e s t h e h e t e r o p t o p i c f u n c t i o n a l p o s i t i o n of 
t h e g r a f t . After per forming a l l anas tomoses t h e abdomen 
was c l o s e d in two l a y e r s , per i toneum and muscle l a y e r t o g e t h e r 
wi th s i l k 4-0 and the sk in wi th v e r t i c a l m a t t r e s s s u t u r e s 
a l s o wi th s i l k . At t h i s phase t h e animal was a l r e a d y beg inn ing 
t o awake. The body t e m p e r a t u r e measured in t h e rectum was 
27 t o 28°C. Via t h e p e n i l e vein t h e animal r e c e i v e d 2-5 ml 
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Ringer's lactate solution, to compensate rapidly the blood 
and fluid losses, while in addition the rat received 10 
to 20 ml Ringer's lactate solution subcutaneously. 
Since it usually took several hours before the animal was 
able to maintain its own body temperature, a heating lamp 
was placed above the cage for twelve hours. 
For two days the animal received a daily intramuscular injection 
of penicillin and streptomycin prophylactically, 20,000 IU 
® 
and 20 mg, respectively; Retromypen ); the first dose was given 
at the beginning of the operation. The animals were allowed 
to eat their standard chow pellets postoperatively and drink 
water ad libitum. 
II.3.3.4. Some technical remarks. 
The average length of the graft was about 70 to 75 cm. The 
resected small bowel of the recipient was about 80 cm. About 
16 to 18 Peyer's patches were transplanted, together with 
a whole row of lymph nodules at the root of the mesentery. 
The operation time was about 2 to 2^ hours, including the 
time for preparing the donor. Ischemic time did not exceed 
60 minutes m general. The average warm ischemic time was 
about 1 minute. Whole segments biopsies were taken distally, 
at the end of the cold ischemic period, and 30 minutes after 
revascularisation. The biopsies were immersed in buffered 
4% formalin, for histological examination. 
Essentially the same transplantation technique was used 
in some preservation experiments. The main difference was 
that in some experiments only a short segment of the small 
bowel was grafted. This segment consisted of the proximal 
15 cm of the jejunum, together with its mesentery. The 
remaining part of the small bowel was skeletonized and dis-
carded . 
We thought it essential that the mechanical trauma to the 
graft be minimized. Therefore all handling which was not 
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absolutely necessary was avoided. This was the reason that the 
left side of the venous anastomosis was made from inside, 
so that changes of graft position were avoided. 
The chapter dealing with the preservation of the small bowel 
(chapter 5) explains development of this technique in further 
detail. 
II.4. Discussion and conclusions. 
Monchik and Russell (1971) introduced a microsurgical procedure 
for small bowel transplantation in the rat. They performed 
an auxiliary heterotopic transplantation of the entire small 
bowel, with duodenostomy and ileostomy. The recipient's 
own small bowel was left in situ. A disadvantage of this 
method is that the maintenance of stornata in the rat may 
be complicated. This was the main reason for Thiede and 
Deltz (1978) to modify the technique, designing an auxiliary 
heterotopic by-pass technique. The proximal part of the 
graft was closed, and distally anastomosed end-to-side, 
with the terminal ileum. Another disadvantage of the original 
technique is that the small bowel is grafted in an auxiliary 
position, so that the function of the graft is not used. 
It may be that the fate of the graft is determined in the 
same way as was seen in heterotopic auxiliary liver trans-
plantation, where functional competition was the cause of 
atrophy of the auxiliary graft (van der Heyde et al., 1966). 
Kort and associates (1973) performed a functional orthotopic 
small bowel transplantation in the rat. The disadvantage 
of this method is that an end-to-side anastomosis is made 
between the portal vein of the graft and the recipient, 
which is a technically dangerous procedure. The surgical 
mortality rate was high (32.5%) compared with the surgical 
moratality rate of Monchik and Russell (20%). 
We further modified the technique of Kort by making a meso-
caval anastomosis, thus creating a heterotopic functional 
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small bowel transplantation. The surgical mortality rate 
in our Wistar group was 15% (in 20 rats.). For technical 
reasons, it was necessary in our technique to resect the 
last part of the terminal ileum, as will be demonstrated 
in chapter 5. 
Using our technique, it is poss 
transplantations with a low mor 
strains with well characterized 
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-CHAPTER III-
THE MESOCAVAL SHUNTING. 
III.l. Introduction. 
In our operation technique for small bowel transplantation 
in the rat, the venous blood from the graft is drained into 
the cavai vein, just as in the technique of Monchik and 
Russell (1971). In the clinical situation this method is 
also used (Fortner et al., 1972a and 1972b). 
The systemic shunting of portal blood has several consequences. 
After portal sytemic shunts in rats metabolic changes are 
described with loss of appetite and a fall in body weight. 
Changes of the central nervous system, hemodynamic changes 
and hormonal changes are also described. Further, it is 
known from literature that there are immunological differences 
when the venous effluent of a graft is drained to the portal 
vein, as compared with the drainage to the cavai vein. 
III.1.1. Metabolic consequences. 
When the venous blood from the grafted small bowel is drained in-
to the cavai vein, a functional portal systemic anastomosis 
is created. Since N.V. Eck of Russia described the creation 
of a fistula between the portal vein and the cavai vein 
in the dog in 1877, a lot of study has been done of the 
effects of portal systemic shunting (Donovan and Covey, 1978; 
Bollman, 1961). After an end-to-side portacaval anastomosis 
in dogs, the animals exhibited significant weight loss, 
starting a few weeks after operation. The most obvious effects 
following portacaval shunt aside from the presence of infection, 
were physical weakness and general deterioration. Sometimes signs 
of hepatic encephalopathy were noticed, characterized by 
ataxia, asterixis, salivation, dystonic movements and dis-
orientation (Aguirre et al., 1974), often followed by convulsions 
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and coma (Aldrete et al., 1966). 
Laboratory studies revealed a total protein decrease in dogs. 
Alkaline phosphatase was markedly elevated to 15 times normal. 
Blood ammonia concentrations were increased. Bilirubine 
and transaminase levels were markedly elevated (Aldrete 
et al., 1966; Aguirre et al., 1974). In dogs portacaval 
shunting has a decreasing effect on plasma total cholesterol 
and triglycerides, although its mechanism is unknown (Coyle 
et al., 1976) . 
Data from the literature about the metabolic changes and 
the decrease in body weight after portacaval anastomosis 
in the rat are conflicting. Lee and Fisher first described 
the operation technique for portacaval anastomosis in the 
rat (1961). In an observation period up to 7 months the 
shunts remained open, with no evidence by splenoportagram 
and gross examination of collaterals. The animals appeared 
well and healthy, but they failed to gain weight comparable 
to control rats. After an initial fall in body weight, they 
gradually regained their preoperative weight in two to three 
months, and after that period the body weight tended to 
plateau. Blood ammonia levels were elevated to three times 
normal. Masland found that elevation of blood ammonia levels 
in metabolic experiments in rats with portacaval anastomoses 
was not so striking (Masland, 1964). Besides, the amount 
of weight loss in the immediate postoperative period was 
not as great as described by Lee and Fisher (1961). It may 
be that the lower weight gain is a manifestation of shunt 
toxicity, acting through decreased food intake. Shunted 
animals had a lowered caloric intake eating chow than their 
paired controls (Masland, 1964; Assai et al., 1971). In 
rats with portacaval anastomoses it was not possible to 
raise plasma ammonium nitrogen beyond a distinct level 
(Kyu et al., 1970). The authors also described differences 
between the postoperative weight changes in youger and older 
rats. Younger rats lost 10 to 20 per cent of their original 
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body weight but recovered faster, so that by the fourth 
week they were beginning to gain weight again. By 10 to 14 
weeks they reached their preoperative weights and continued 
to gain weight on parallel with the controls. The older 
rats lost 20 to 30 per cent of their initial body weight 
soon after the operation and did not begin to gain weight 
again until 7 weeks after surgery. (The mean initial weight 
of the younger group was 300 g and of the older group 380 g). 
A decrease in liver weight, with fatty infiltration of liver 
cells, was described by Henzel et al. (1963). The decrease 
in liver weight was also described in first description 
of portacaval shunt in the rat (Lee and Fisher, 1961). The 
fall in liver weight was thought to be caused by overall 
atrophy. Histological examination disclosed an almost normal 
architecture of the liver with no evidence of hepatic pathology. 
This was also confirmed by Assai et al. (1971). The liver 
had not lost its capacity to regenerate after portacaval 
shunt (Fisher et al., 1962). Fisher and associates (1962 
and 1967) came to the conclusion that the volume of flow 
via the portal system was essential for the maintenance 
of the morphologic and functional integrity of hepatic tissue. 
Besides this, they concluded that the diminution in liver 
size after portacaval shunt was not only the result of paren-
chymal cell atrophy but also of a decreased number of cells. 
The concept that the portal blood contains specific nutrients, 
essential for the morphologic and functional integrity of 
the liver, as revealed studies of auxiliary liver transplan-
tation in dogs (Halgrimson et al., 1966) was rejected at 
first (Fisher et al., 1962 and 1967). Lee and associates 
later supported the hepatotrophic theory (Chandler et al., 
1971; Lee et al., 1975). The main hepatotrophic factors 
in the splanchnic venous blood are thought to be pancreatic 
hormones , such as insulin and glucagon (Starzl et al., 
1973; Bucher and Swaffield, 1975). They influence both liver 
function and size, the dividing capability and the chemical 
composition of the hepatocytes (Starzl et al., 1975). 
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Changes in histamine metabolism are also described after 
portacaval shunt in rats (Reichle et al., 1968). The atrophic 
liver in the rat with a portacaval anastomosis is able to 
maintain a normal bile salt secretion rate (Herz et al., 
1974). Kyu and Cavanagh (1970) demonstrated that there was 
a clear relationship between the weight gain, about twelve 
weeks after the portacaval shunt and the return of the appetite 
towards normal, the increase in both liver and testicular 
weight, and a slow fall in plasma ammonium nitrogen. They 
thought that all these features were dependent upon the 
return of portal blood to the liver, by the formation of 
adhesions. 
III.1.2. Neurological consequences of portacaval shunting. 
Portal systemic shunting spontaneously as well as surgically 
caused, is frequently associated with encephalopathy (Fisher, 
1974). It is thought that this is caused by reduced hepatic 
detoxification of the portal blood, which contains a high 
level of plasma ammonia, related to intestinal bacterial 
ammoniogenesis, especially in the colon. Encephalopathy 
in rats following portacaval anastomosis is described (Degos 
et al., 1969), together with electrocorticographic changes 
(Degos et al., 1969; Grange et al., 1974). Clinically it 
was often not possible to distinguish shunted animals from 
their controls (Masland, 1964; Lee and Fisher, 1961). After 
colectomy associated with surgical portacaval anastomosis 
in rats, an amelioration of electroencephalographic abnormali-
ties is seen, but this seems to be independent of its effect 
on hyperammonemia (Grange et al., 1974). Hourani et al. 
(1971) demonstrated that rises of glutamine levels in cerebral 
spinal fluid in men correlate well with the grade of encephalo-
pathy. Recently, Schlieger and associates (1981) demonstrated 
in rats that the liver plays an important role in the clearing 
of portal blood ammonia and glutamine. They also found that 
the colon is the main site of splanchnic ammonia and glutamine 
production. In rats, with a portacaval shunt histological 
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abnormalities of the brains have been described (Cavanagh 
and Kyu, 1969) so that, even if not clinically manifest, 
a kind of brain damage is likely, as also suggest electro-
corticographic changes (Herz et al., 1972). 
In dogs, changes in plasma amino acid patterns were found, 
associated with hepatic encephalopathy (Soeters and Fisher, 
1976). When acute hepatic coma is produced in rats, a false 
neurotransmitter, octapamine, is accumulated more rapidly 
in the brains than in the periphery, while norepinephrine 
depletion occurs more rapidly in the brains, suggesting 
that brain norepinephrine synthesis is decreased (Dodsworth 
et al., 1974). The false neurotransmitter hypothesis proposes 
to explain cardiovascular changes and CNS malfunctions that 
can be found in hepatic failure (Fisher, 1974). 
III.1.3. Hemodynamical consequences of portacaval shunting. 
The size of the portacaval shunt seems to be of influence 
in the metabolic changes. In dogs with a large shunt and 
a small portacaval shunt (side-to-side ) , intestinal absorption 
rates were measured before and after performing the shunt. 
In animals with large shunts, absorption rates of xylose 
and ammonia were significantly increased. In dogs with small 
shunts, no significant changes in intestinal absorption 
occurred. It was postulated that these changes were due 
to an augmented microcirculation in the intestine after 
a hemodynamically effective portal systemic shunt (Price 
et al., 1967). In dogs with portacaval shunts a consistent 
inverse relationship was demonstrated between the height 
of blood ammonia levels and the magnitude of the pressure 
gradient across the the portacaval shunt (as measure of 
an hemodynamical shunt activity) (Orloff et al., 1963). 
A high intestinal venous pressure seems to combat the effects 
of encephalopathy induced by protein metabolism in animals 
with portal systemic shunts (Aldrete et al., 1966). 
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It could be demonstrated that disturbances of liver function 
following portal systemic shunts are mainly due to impaired 
microcirculation in the liver. The significant factor for 
maintaining sufficient oxygen supply to the liver is not only 
the blood volume that flows towards the liver, but also the per-
sistent drainage of blood from the pancreatic region into the 
liver, so that a synergistic effect of hepatotrophic factors 
from this region should be discussed (Broelsch et al., 1978). 
Flow-limited arterialisation of the portal stump causes 
an improvement of several biochemical, pharmokinetic and 
morphological changes that can be found after portacaval 
shunts in rats (Hirner and Haring, 1981). 
Another effect of portacaval shunt in rats is that the cardiac 
output is increased and also the hepatic arterial flow, 
but this cannot fully compensate the diminution of the actual 
hepatic blood flow in ml/min, calculated per gram liver 
(Leihr et al. , 1975) . 
III.1.4. Hormonal consequences of portacaval shunting. 
After portacaval shunt in rats many hormonal changes have 
been described. Testicular atrophy is seen, with a striking 
depression of spermatogenesis (Dordahl et al., 1967). In 
female rats, ovarian and pituitary atrophy with absence 
of ovulation is described (Flynn and Kennan, 1968). In adult 
female rats hair loss, thymic involution, abcess formation 
of the oviducts, and hypertrophied uteri can be found, while 
in immature rats delayed puberty, excess body growth and 
adrenal atrophy is found (Flynn and Kennan, 1968). In rats, 
end-to-side portacaval shunt significantly reduces the incidence 
of 7,12-dimethylbenz (a) anthracene (DMBA)-produced breast 
carcinoma (Reichle et al., 1969). Intrasplenic ovarian auto-
transplantation allows ovarian venous efflux through the 
liver. In this situation also, a significant inhibition 
will occur of DMBA-produced breast carcinoma in the rat, 
probably caused by hepatic alteration of ovarian hormone 
concentration (Reichle et al., 1972). 
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III.1.5. Immunological consequences of portacaval shunting. 
From the literature it is known that the liver plays a role 
in the rejection patterns of grafts, which drain venous 
effluent into the portal vein. Boeckx et al. (1975) found 
a prolongation of allogeneic heart transplantation survival 
rate in rats, when the pulmonary artery was anastomosed 
with the portal vein of the recipient compared with an anasto-
mosis of the pulmonary artery with the cavai vein. Sakai 
(1970) described a significant prolongation af the survival 
time of rat kidney allografts when the renal vein was anasto-
mosed with the portal vein instead of the cavai vein. Fukuda 
and associates (1969) reported that renal allografts in 
dogs with venous effluent to the portal vein were rejected 
as first-set allografts with a mean survival time of 9.6 
days. However, second-set renal allografts from the same 
donors resulted in a first-set rejection too, instead of 
a second-set one, like experiments with systemic venous 
drainage. The mechanism is not yet explained. Perhaps clamping 
off the portal vein may provoke liver alterations and a 
reduced immunological reactivity (Sakai, 1970). But in that 
case, we cannot explain why the first-set kidney allograft 
in the dog is not altered. Another possibility is that circu-
lating antigen-reacting cells are modified in the liver 
after having been in contact with kidney antigen. 
In small bowel transplantation in rats, some indications 
can be found in the literature that after by-passing the 
liver, by making a functional mesocaval shunt, no prolongation 
of the survival time of the graft will occur, as can be 
seen after drainage of the venous effluent of the graft in-
to the cavai vein. Monchik and Russell (1971) performed 
small bowel transplantations in rats in a heterotopic 
way. The venous effluent from the graft was drained into the 
cavai vein. In this model the liver was by-passed. In an 
allotransplantation model no prolongation of the survival 
time was found as compared with other organs. Allograft 
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rejection and death of the recipient occurred by the twelfth 
day. Kort et al. (1973) transplanted the small bowel ortho-
topically in the rat. After allotransplantation they found 
a marked prolongation of the survival time when the venous 
effluent was drained by the portal vein. It seems reasonable 
that in by-passing the liver by making a functional mesocaval 
shunt in small bowel transplantation, alterations of immuno-
logical reactivity will occur. 
III.1.6. Discussion and conclusions. 
After portal systemic shunts many changes have been described: 
metabolic, hemodynamic, hormonal, and immunologic. The cause 
of these changes may be the altered blood supply of the 
liver, and the fact that many substances from the splanchnic 
region flow unaltered into the systemic circulation without 
being filtered by the liver. The detoxification function 
of the liver is greatly reduced. Oxygen supply of the liver 
is also changed, causing a disturbed microcirculation. 
Hepatotrophic substances from the splanchnic region, probably 
originating from the pancreas are thought to be of influence. 
But there is also a fall in blood pressure at the venous 
side of the portacaval anastomosis, as the pressure in the 
cavai vein is lower than in the portal vein. This may cause 
microcirculatory disturbances and functional disturbances 
in the small bowel. 
The size of the shunt plays an important role in the changes 
that will occur after creating a shunt. So the changes after 
an end-to-side portacaval anastomosis will be more pronounced 
than after a mesocaval shunt (end-to-side). In the latter only 
a small part of the splanchnic blood is shunted towards 
the systemic circulation. Venous blood from the pancreatic 
region can flow undisturbed to the liver. 
In rats of approximately the same age, many of the changes 
run parallel with the changes in body weight after performing 
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the shunt. After an initial fall in body weight there is 
a recovery which may be explained by adaptation of the portal 
artery and probably also by the formation of adhesions in 
the liver hilus with collaterals, by which blood from the 
splanchnic region is shunted again to the liver. There is 
a recovery of all changes in this period. By studying the 
body weight course a good idea is obtained of the activity 
of portal systemic shunting. 
In our technique for small bowel transplantation in the 
rat only the blood from the grafted bowel is drained into 
the cavai vein. All the venous blood from the colon and 
the pancreatic region flows undisturbed to the liver. 
In order to have an idea of the influence on body weight 
of the mesocaval shunt in our transplantation technique, 
we investigated the influence on body weight of an end-to-
side portacaval anastomosis, compared with a mesocaval shunt. 
The results were also compared with the influence on body 
weight of a sham operation. 
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III.2. The influences of mesocaval and portacaval shunts 
on body weight, liver weight and testicular weight. 
An experimental study in the rat. 
111.2.1. Introduction. 
In our operation technique of small bowel transplantation 
in the rat, a functional mesocaval shunt is created. 
After portal systemic shunting in rats many changes have 
been described, with paralleling changes in body weight 
(see §111.1 - III.2.). In order to estimate the influences 
of a mesocaval shunt on body weight, liver weight and testicul 
weight, we compared these changes with the changes found 
after a portacaval shunt and a sham operation. 
111.2.2. Material and methods. 
In this study male outbred Wistar rats were used, obtained 
from TNO laboratories (Zeist, The Netherlands). The rats 
were about three months old and belonged to the same colony. 
All rats were kept SPF. Their body weight ranged between 
220 and 330 g. The night before surgery feeding was discon-
tinued. Water was allowed ad libitum. In total 20 rats were 
used. They were chosen at random from the colony, and assigned 
at random to the following groups : 
-a) portacaval shunt group : 8 animals (PCS) 
-b) mesocaval shunt group : 6 animals (MCS) 
-c ) sham operated group : 6 animals 
III.2.2.1. Operation techniques. 
III.2.2.1.1. The portacaval shunt. 
The technique we used for the portacaval shunt in rats is 
essentially the same as described by Lee and Fisher (1961). 
After opening the abdomen by a midline incision the intestines 
were packed in saline moistened gauze and retracted to the 
left, outside the body. The peritoneum over the portal vein 
was incised and the portal vein was freed from the surrounding 
tissues to the level of the porta hepatis. Care was taken 
not to damage the hepatic artery, in order to avoid spasm. 
To prevent congestion in the splanchnic region a non-crushing 
bulldog clamp was placed on the superior mesenteric artery 
(SMA). The portal vein was tied off with silk 6-0 as high 
as possible in the portal hilus and divided after placing 
a vessel clamp across this vein. A Satinsky-like vessel 
clamp partially occluded the cavai vein, at the height of 
the right renal vein. The blades of both clamps were polished 
and shod with teflon tubing. An elliptical opening was made 
in the left lateral wall of the cavai vein, in the occluded 
part. An anastomosis was now performed with nylon 8-0, after 
placing two guide sutures. The anastomosis was made with 
over and over stitches; the back side from inside. Occlusion 
of the portal vein lasted about 10 minutes. After performing 
the anastomosis the vessel clamps were removed and oozing 
was controlled by slight pressure for some moments with 
dental cotton. 
III.2.2.1.2. The mesocaval shunt. 
The technigue for the mesocaval shunt is as follows. After 
opening the abdomen in the midline, the intestines were 
retracted to the left in a saline-moist gauze. The superior 
mesenteric vein was freed from the surrounding structures, 
just below the middle colic vein. No side branches were 
ligated. After placing a bulldog clamp on the SMA, the 
superior mesenteric vein was ligated with silk 6-0, just 
below the middle colic vein. A vessel clamp was placed across 
the SMV Between the ligature and the vessel clamp, the 
SMV was divided. With a Satinsky-like vessel clamp the 
cavai vein was partially occluded below the right renal 
vein. In the occluded part, at the left lateral side, an 
elliptical opening was made. An end-to-side anastomosis 
was performed in the same manner as described above. 
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III.2.2.1.3. The sham operation. 
The animals that were sham operated underwent the following 
operation. After opening of the abdomen in the midline the 
intestines were handled in the same manner as in animals 
of both shunt groups. The portal vein was freed from the 
surrounding tissues in the pancreatic region, without severing 
side branches. Also the coronary vein was not severed, 
just as in the technique for the porta- and mesocaval shunt. 
The bulldog clamp and the vessel clamps were placed in the 
same manner as in the shunt groups and for the same time. 
The vessels, however, were not opened and no anastomosis 
was performed. 
III.2 . 2 . 2 . Postoperative course. 
After the operation, the animals were placed under a heating 
lamp for 16 hours. Standard chow pellets and water were 
allowed ad libitum. The animals were housed in macrolon 
cages 4 to 5 together, arbitrary over the cages and not 
according to the groups. The general experimental conditions 
were maintained as constant as possible. The rats were weighed 
three times a week and, at the same time, the clinical condition 
was evaluated. One year after the operation, the animals 
were weighed and sacrificed by exsanguination under ether 
anesthesia. The autopsy included a thorough inspection of 
the abdominal and thoracic cavity. In the shunted animals 
the patency of the the shunt was verified, by introducing 
a probe from the cavai vein into the portal vein or the 
superior mesenteric vein. The formation of adhesions in 
the liver hilus was evaluated. The liver was removed and 
weighed. The same was done with the left testicle. 
III.2.3. Results. 
III.2.3.1. Technical aspects. 
There were no operative deaths 
operative period. Two animals о 
were discarded from the experim 
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and no deaths in the post-
f the mesocaval shunt group 
ent because there was doubt 
as to the full patency of the shunt. It seemed that there was 
constriction, causing a slight splanchnic congestion. 
III.2.3.2. Clinical behavior. 
Shunted animals retained their vigour and at first showed 
no differences in behavior among the three groups. However, 
about two weeks after the operation, a typical clinical 
picture could be observed in the animals with a portacaval 
shunt, which was not observed in the other animals. There 
was alteration in posture and behavior. The rats progressively 
arched their backs to a hump and assumed a tiptoe position. 
The activity of the rats with a portacaval shunt became 
slower than that of the other rats. They mostly sat in the 
corner of the cage, but were alert on arousal. The rats 
with a mesocaval shunt exhibited none of these alterations, 
even after many months. In time, the clinical picture of the 
rats with a portacaval shunt seemed to improve, but full 
recovery was not seen. By the time of sacrifice all animals 
were healthy. 
III.2.3.3. Body weight courses. 
After portacaval shunt, the animals lost body weight pro-
gressively, till four weeks after the operation. At that 
point, they had lost about 30 per cent of their initial 
body weight. Thereafter, they started to gain weight. In 
fig. 3.1. the body weight course of rats with a portacaval 
shunt is presented. 
After a mesocaval shunt, the rats also had an initial fall 
in body weight, but not as deep as found in rats with a 
portacaval shunt. After two weeks about 5 per cent of the 
initial weight was lost, and from then on, the rats started 
to gain weight. At 5 weeks, they had reached their pre-
operative body weight again (see fig. 3.2.), whereas rats 
with a portacaval shunt reached their preoperative weight 
only after 15 weeks. 
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Weight-(g) 
600т 
Weeks 
Fig. 3.1. Body weight course after portacaval shunt. The mean absolute body 
weights are expressed (m g ) together with their standard deviations. 
Weight(g) 
600 η 
Weeks 
Fig. 3.2. Body weight course after wesocaval shunt. The mean absolute body 
weights are expressed, together with their standard deviations. 
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After a sham operation there was no initial fall in body 
weight. The rats progressively gained body weight, and after 
one year they had doubled their preoperative weight (fig. 3.3. ). 
One year after a mesocaval shunt, the rats weighed about 
50 per cent more than preoperatively, whereas after a porta­
caval shunt the rats weighed about 25 per cent more. The 
comparative postoperative weight gain of the three groups 
of rats is expressed in fig. 3.4. After an initial fall 
in body weight in both shunt groups, the body weight courses 
run parallel to each other and to the course of the sham operated 
group. 
ι—Ih 
Weekî 
Fig. 3.3. Body weight courses of rats after a sham operation. The mean 
absolute body weights are expressed, together with the standard 
deviations. One year after the operation the preoperative 
body weight is doubled. 
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Weight (Δ%) 
100 
Fig. 3.4. Comparative 
postoperative weight gams 
m porta- and mesocaval 
shunt rats and sham operated 
controls. The weight gam 
is expressed as Δ% of the 
initial preoperative weight. 
In order to compare in a statistical way the differences 
in body weight of the three groups m the first 14 weeks 
after the operation, multivariate tests are used. This means 
that the comparison of the body weight courses is performed 
on the base of joint measurements in this period. However, a great 
number of measurements per animal, compared with the number 
of animals, urged us to reduce the number of variables by 
averaging each time the three consecutive variables. The 
investigation is now performed on the base of five variables, 
X, up to and including Χ, (see tab. 3.5.), which have been 
defined as follows : 
X,: mean of the body weights on day 0, week 1 and 2 
X? : mean of the body weights on week 3 4, and 5. 
X,: mean of the body weights on week 6, 7, and 8. 
X.: mean of the body weights on week 9, 10, and 11 
For each two groups the hypothesis that the theoretical 
means for the five variables (see tab. 3.5.) are the same 
for each group, is tested with the Hotelling T2-test for 
two samples. As level of significance for the separate tests 
the value 0.05/3 was used, so that the whole of statements 
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for the existence of différences between the three groups 
has a joint level of significance of 0.05. 
variable 
Xl 
X2 
X3 
X4 
X5 
PCS-rats 
(8 rats) 
219 - 6 
169 - 8 
171 - 11 
193 Í 13 
219 І 13 
MCS-rats 
(6 rats) 
254 ± 3 
259 ΐ 3 
281 t 8 
305 - 9 
327 ΐ 8 
sham operated controls 
(6 rats) 
274 t 4 
322 ± 8 
355 ΐ 8 
381 ΐ 8 
401 - 9 
Tab. 3.5. The calculated group means of the mean of each three consecu­
tive body weights (in g), together with their standard errors. 
The Hotellmg T2 -test reveals that there exists a highly 
significant difference between the PCS-group and the MCS-
group (p < 0.001); the sham operated control group and the 
PCS-group (p < 0.001); and also between the sham operated 
group and the MCS-group (p = 0.009). So it can be concluded 
that the three groups are different in weight for the whole 
period of 14 weeks. 
In order to examine the differences in the mean body weights 
of the three groups at 24 and 52 weeks after the operation, 
a one-way analysis of variance has been performed. According 
to this analysis, the hypothesis that the mean body weights 
of the three groups at 24 weeks are the same has to be rejected 
(p < 0.001). A simultaneous multiple comparison method according 
to Scheffé reveals that this is caused by the fact that 
each group differs significantly from the other (p < 0.002). 
Also the hypothesis that the mean body weights of the groups 
at 52 weeks are the same, has to be rejected (p < 0.001). 
Again a simultaneous Scheffé method reveals that each group 
differs significantly from the other ones (p < 0.006). 
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III.2 . 3 .4. Liver and testicular weights. 
a) Liver weights. 
By the time of sacrifice, in allmost all shunted animals 
firm adhesions were found in the liver hilus which were 
not found in the sham operated controls. At gross examination 
there were never indications for the existence of liver 
cirrhosis or necrosis. The liver exhibited a normal aspect, 
but was smaller in size in both shunted groups. 
In tab. 3.6. the liver and testicular weights are presented 
of the rats that underwent a portacaval shunt. The relative 
liver weights are expressed as the percentage of the body 
weight. In tab. 3.7. and 3.8. the liver and testicular weights 
of rats that underwent a mesocaval anastomosis or a sham 
operation, respectively, are presented. As can be seen in 
tab. 3.7. the mean percentage of the body weight represented 
by the liver after a mesocaval anastomosis is 2.35%. This 
percentage is lower than the percentage of the body weight 
represented by the liver after sham operation: 3.00%, as 
can be seen from tab. 3.8. The percentage after portacaval 
shunt is the lowest: 2.05% (tab. 3.6.). 
According to a one-way analysis of variance the mean relative 
liver weights for the three operation groups were different 
(p < 0.001). According to the simultaneous multiple comparison 
method of Scheffé, this was caused by a difference between 
the sham operated group and each of the shunt groups (p < 0.001); 
possibly there was also a difference between both shunt groups 
(p = 0.09). An analogous examination with respect to the 
absolute liver weights likewise led to a rejection of the 
analysis of variance hypothesis that theoretically the mean 
relative liver weights for the three operation groups were 
the same, while a further Scheffé analysis revealed that 
each group differed from the others (p<0.003). 
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rat 
3 
6 
7 
8 
9 
10 
21 
32 
mean 
body wt. 
(g ) 
401 
243 
258 
264 
284 
325 
244 
3 74 
Í SD 
liver wt. 
( g ) 
8 
5 
5 
6 
6 
8 
4 
7 
6.1 ΐ 
1.5 
relat, liver 
wt. (% of 
body wt.) 
2.0 
2.1 
1.9 
2.3 
2.1 
2.5 
1.6 
1.9 
2.05 ΐ 
0.27 
test. wt. 
( g ) 
0.94 
0.52 
0.58 
0.63 
0.72 
0.78 
0.68 
0.82 
0.71 ΐ 
0.14 
ratio 
test./body 
wt. χ 10 4 
23.4 
21.4 
22.5 
23.9 
25.4 
24.0 
27.9 
21.9 
23.8 ± 
2.1 
Tab. 3.6. Liver and testicular weights of rats, 52 weeks after a portacaval 
anastomosis. The relative liver weights are expressed as percentages of the 
body weights. "Ratio" means the ratio of testicular weight and body weight 
χ 104. 
rat 
58 
61 
62 
12 
13 
14 
mean 
body wt. 
( g ) 
428 
410 
354 
384 
387 
405 
ΐ SD 
liver wt. 
( g ) 
11 
10 
8 
9 
9 
9 
9.3 t 
1.0 
relat, liver 
wt. (% of 
body wt. ) 
2.6 
2.4 
2.3 
2.3 
2.3 
2.2 
2.35 t 
0.14 
test, wt. 
( g ) 
1.80 
1.63 
1.42 
1.58 
1.60 
1.63 
1.61 i 
0.12 
ratio 
test./body 
wt. χ 10 4 
42.1 
39.8 
40.1 
41.1 
41.3 
40.2 
40.8 -
1.0 
Tab. 3.7 Liver and testicular weights of rats, 52 weeks after a mesocaval 
anastomosis. 
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rat 
24 
25 
26 
31 
15 
16 
mean 
body wt. 
(g) 
49Θ 
520 
492 
604 
515 
497 
t SD 
liver wt. 
(g) 
15 
15 
13 
18 
16 
17 
15.7 ± 
1.8 
relat, liver 
wt. (% of 
body wt.) 
3.0 
2.9 
2.6 
3.0 
3.1 
3.4 
3.00 t 
0.26 
test. wt. 
ig> 
3.12 
3.22 
3.18 
3.52 
3.10 
3.18 
3.22 ± 
0.15 
ratio 
test./body 
wt. χ 10 4 
62.7 
61.9 
64.6 
58.3 
60.2 
64.0 
61.9 t 
2.4 
Tab. 3.8. Liver and testicular weights of rats, 52 weeks after a sham 
operation. The liver weights are expressed as percentages of the body weights. 
4 
"Ratio" means the ratio of testicular weight and body weight χ 10 . 
b) Testicular weights. 
At sacrifice (52 weeks after the operation), marked atrophy 
of the testes was noted in all shunted animals compared 
with the sham operated controls. In tab. 3.6. ; 3.7; and 
3.8. it can be seen that the mean testicular weight is lower 
after portacaval shunt than after a mesocaval shunt. The 
testicular weight is expressed as a fraction of the body 
weight. As this fraction is very small, it is multiplied 
4 
by the factor 10 . The mean testicular ratio after porta­
caval shunt is 23.8 and after a mesocaval shunt 40.8, whereas 
this fraction after sham operation is: 61.9. By a one-way 
analysis of variance we find that the equality of group 
means has to be rejected as regards both the relative and 
absolute testicular weights (p < 0.001). According to the 
simultaneous multiple comparison method of Scheffé, this 
is caused by the fact that each group differs from another 
one (p < 0 .001 ) . 
71 
III.2.4. Discussion and conclusions. 
Portal systemic shunting in rats has a marked influence on 
the body weight, the liver weight and the testicular weight, 
although the general condition remains remarkably good. 
The size of the shunt plays an important role. After porta-
caval shunting, the changes are more pronounced than after 
mesocaval shunting. Portacaval shunting also has some influence 
on the clinical picture and on the behavior of rats, which 
is not seen after mesocaval shunting. These changes may 
be seen as an expression of portal encephalopathy (Degos 
et al., 1969) . 
The changes in the body weight courses (as measures for the 
influences of portal systemic shunting in the rat) are 
different for the three investigated groups. After an initial 
fall in body weight, following the creation of a shunt, 
there seems to be a recovery which is never as complete 
as seen after a sham operation. Following portacaval shunt, 
the recovery begins later, and is not as great as after a 
mesocaval shunt. 
The recovery in body weight may be explained by the formation 
of collaterals from the splanchnic region to the liver. 
Indeed, we found in the shunted animals firm adhesions in 
the liver hilus at the time of sacrifice. The adhesions 
were not found in the sham operated controls. Assai and 
associates (1971) stated that the development of collaterals 
played no significant role, but the gradual return to normal 
of the plasma NH.-N, as described by Kyu and Cavanagh (1970) 
seems to be a good parameter of the degree to which the 
portal blood of the rat is finding its way back to the liver. 
Probably adaptation of the liver and the hepatic artery 
may be considered important factors, too. 
Dordal and associates (1967) found at histological examination 
of the atrophic testes of shunted rats that there was a 
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marked reduction in diameter of seminiferous tubules with 
a depressed spermatogenesis. The finding of testicular atrophy 
in rats with experimental portal systemic shunts suggests 
that the diversion of splanchnic venous blood is the main 
cause of the atrophy. Hepatic fibrosis or cellular damage 
after shunting in rats is unknown (Assai et al., 1971), 
although, fatty infiltration of liver cells is described 
(Kyu and Cavanagh, 1970). Oestrogen inactivation in the 
liver may be depressed and it seems reasonable that failure 
of oestrogen inactivation plays an important role in the develop-
ment of testicular atrophy associated with portal systemic 
shunting. 
In our study we measured only the left testicle because 
of the fact that in three out of 20 animals chosen from 
the colony of rats, the right testicle was absent. The rats 
with two testicles in this study, had testicular atrophy 
of both testicles in the shunted groups. Both testicles 
seemed equally affected. 
From this study it may be concluded that after creating 
a functional mesocaval shunt, in the case of a small bowel 
transplantation in the rat, several changes may be expected. 
As the size of the shunt is small, the changes will not 
be very pronounced. Also, it is likely that immunological 
changes will occur, but nothing can be said about the severity 
of these changes. The clinical condition of the rat wíl be 
unaffected by this type of shunt. 
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-CAPTER IV-
THE ADVERSE EFFECTS OF ISCHEMIA ON THE SMALL BOWEL. 
IV.1. INTRODUCTION. 
In this chapter the influence of ischemia on various tissues 
in general will be reviewed and subsequently some specific 
problems related to intestinal ischemia and preservation 
during ischemia will be discussed. In the last part of this 
chapter our own experiments on the ischemic tolerance of 
the small bowel in the rat will be presented. 
IV.1.1. The influence of ischemia on tissues with some related 
problems of organ transplantation. 
In organ transplantation, the fate of the graft depends 
on the ability to keep physio-mechanical lesions as small 
as possible. A shorter or longer period of ischemia and 
hypoxia is inevitable, and this can cause damage to the 
tissue. Much of the emphasis has shifted from surgical problems 
to problems of preservation of the graft. A successful trans-
plantation depends on the ability to restore blood flow 
to the preserved organ after a period of ischemia and hypoxia. 
Damage to the parenchyma may develop, not only as an immediate 
result of hypoxia to the graft, but also if the small vessels 
are unable to re-establish the microcirculation. Hypoxia 
means that the oxygen concentration in the cell is too low 
to maintain normal cell functions which are energy consuming 
and comprise, among various other functions, reproduction, 
synthesis of proteins and macromolecules and the maintenance 
of chemical and osmotic homeostasis. 
During both the agonal phase, and the period necessary to 
remove the graft from the body, the hypoxic-ischemic graft 
remains almost at body temperature (warm ischemic period) 
and this carries a high risk of rapid deterioration of cell 
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structures. During the preparation of a graft, the temperature 
may fluctuate markedly. During preservation and storage, 
that is the cold ischemic period, the cellular functions 
are not entirely inhibited (Levy, 1959). Another harmful 
effect is the mechanical trauma during the different operative 
procedures and the period of storage. When the graft is 
perfused, other harmful effects may be added. The preservation 
fluids may be iso-osmotic or hyperosmotic. The ionic composition 
may vary, simulating either an intra cellular or an extra 
cellular fluid composition. The pressure at the flushing 
procedure (or the perfusion procedure ) may cause mechanical 
damage. Several metabolites and lysosomal enzymes can be 
delivered from the injured cells and may have a noxious 
effect on other cells or even on the recipient after trans­
plantation has been performed. 
Eventually, a warm ischemic period may develop after the 
restoration of the blood flow. This is due to insufficient 
capillary perfusion, while the temperature of the graft 
rises. In experiments with limbs of rats Strock and Majno 
(1969) demonstrated that after given periods of ischemia, 
large portions of limb muscle were not perfused, as judged 
from absence of intravenously injected carbon-black tracer 
solution. This implies the non perfused parts of the muscle 
are subjected to warm ischemia. Changes in the peripheral 
vascular bed have been suggested to cause the obstruction 
to blood flow. This phenomenon has been termed "no-reflow 
phenomenon" (Summers and Jamison, 1971). Several processes 
may play a role in the development of this phenomenon (Strock 
et al., 1968; Summers and Jamison, 1971; Chait et al., 197Θ). 
The most common pathogenic mechanisms suggested to cause 
these obstructions are : 
-1) Swelling of cells in the vascular wall, particularly 
of the endothelial cells secondary to ischemic injury (Strock 
and Majno, 1969). 
-2) Swelling of the cells in the parenchymal tissues (Leaf, 
1973; Enerson, 1966; Enerson and Berman, 1966). 
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-3) Leakage of fluids into the perivascular and interstitial 
space, by endothelial disruption in the capillaries (Strock 
and Majno, 1969). 
-4) Trapping and clotting of the stagnant blood (cell trapping 
mechanism). Strock et al., (196B) demonstrated that this 
phenomenon played an important role in the obstruction of 
small vessels. The thoroughness of the washout period, too, 
was a significant factor in preventing post ischemic damage. 
-4) Fat embolism, especially when whole blood or plasma 
preparations were used for the perfusion of isolated organs 
(Beizer et al., 1968 ) . 
-5) The hypoxic swelling of the cellular elements (extra-
vascular, intramural, or intraluminal) and the subseguent 
shift of water from the capillaries into the cells results 
in an increased capillary resistance (Enerson and Berman, 
1966; Strock and Majno, 1969). This causes a decreased capillary 
flow and again intensifies the tissue hypoxia (see fig. 4.1.). 
tissue hypoxia 
+ 
• 
decreased capi 
flow 
* * 
llary 
swell 
• 4 
ing and death of 
increased capili 
resistance 
cells 
ary 
Fig. 4.1. Vicious circie m tissue hypoxia. 
(modified after Enerson and Berman, 1966). 
Under hypoxic conditions, another positive feedback mechanism, 
which can induce deterioration in cellular function, has been 
shown. Enerson and Berman (1966) demonstrated that lowering 
the pH of the nutrient medium caused a sharp decrease in oxygen 
consumption of cells. This effect was probably independent 
of depression of tissue metabolism secondary to cellular 
swelling. By lowering the pH, the total tissue water was 
slightly reduced, whereas raising the pH caused an increase 
in total tissue water. Under hypoxic conditions, the cellular 
pH is lowered, since the cell metabolism is disturbed. Energy 
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must be available continuously within the cell to allow 
vital functions to continue. Under erobic conditions, the 
metabolism of glucose provides most of the energy, primarily 
in the form of high energy bonds, such as those in the ATP 
molecule, where energy is stored. Glucose is metabolised 
via the citric acid cycle (Krebs cycle). Each molecule of 
glucose produces 38 high energy bonds. In the anerobic state, 
however, energy is derived from glucolysis in which one 
molecule of glucose is converted to two molecules of lactic 
acid, with the production of only two high energy bonds 
(Karlson, 1977). The cellular pH is found to fall secondary 
to excessive lactic acid production (Majno et al., 1960). 
By lowering the pH, oxygen consumption is decreased and 
this in turn results in an increased glucolysis and sub-
sequently in a further decrease in pH, etc. (see fig. 4.2.). 
hypoxia 
increased 
4 
gi 
decreas 
• 
• 
ucolysis 
ed oxygen consun 
• 
• 
• 
metabolic 
ption 
acidosis 
Fig. 4.2. Feedback mechanism of metabolic acidosis. 
(Modified after Enerson and Berman, 1966). 
During hypoxia, the cells lack the energy, necessary to 
maintain the proper function of the sodium pump (Na/K ATP-ase) 
This causes the cell to swell and the cell membrane may 
even burst (Ashford and Burdette, 1965). 
Lysosomes are membrane bound structures. They contain a 
variety of enzymes capable of intracellular breakdown of 
ingested substances (de Duve, 1963). Through various stimuli 
such as acidity, fall in osmotic pressure and/or a rise in 
temperature, the vulnerability of the lysosomal membrane 
increases and upon activation and release from the cell, 
the lysosomal enzymes may exert harmful effects (Sawant 
et al., 1964). Within 30 minutes of cessation of blood flow 
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lysosomal enzyme release can be detected within the circulât:on 
(Majno et al., 1960). The consequences of hypoxia to tissues 
are summarized in fig. 4.3. 
hypoxia 
decreased oxygen 
consumption 
increased glucolysis 
metabolic acidosis 
• 
lysosomal activation 
autolysis 
decreased protein 
and macromolecular 
synthesis 
increased capillary 
resistance 
decreased capillary 
flow 
decreased Krebs cycle 
activity 
decreased ATP production 
decreased Na-pump 
activity 
cellular swelling 
and altered milieu 
denaturation 
Fig. 4.3. Sequence of events occurring m tissue hypoxia. 
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IV.1.2. Laboratory investigations into intestinal ischemia. 
The mucosa of the small bowel is very sensitive to ischemia 
(Robinson et al., 1981). Several reports deal with the effects 
of ligation of the superior mesenteric artery (SMA) or the 
portal vein (Neuhof, 1913; Elman and Cole, 1934; Nelson 
and Cremen, 1950; Khanna, 1959; Battersby et al., 1971). 
In numerous species, acute ligation of the SMA or portal 
vein has been recognised to be fatal. There are, however, 
differences in species. In orthotopic liver transplantation, 
occlusion of the portal vein for periods exceeding four 
minutes leads to a profound fall in blood pressure in the 
pig (Terblanche et al., 1968), but not in man (Starzl et 
al., 1968). 
The first demonstration of the phenomenon that portal vein 
ligation in rabbits resulted in death of the animals m 
a short time is attributed to Oré in 1856 (Neuhof, 1913). 
In 1875, Litten described his original experiments on the 
effects of ligation of the SMA in dogs (Litten guoted by 
Marston, 1977). In dogs, ligation of the SMA resulted in 
death within 12-48 hours. The dogs vomited, had bloody diarrhea, 
and an increase in temperature. At autopsy, the whole bowel, 
from the ligament of Treitz to the transvere colon, was 
dark red without sheen, and soaked in bloody edema. The 
serosa was raised in bleps. Hemorrhages were detected in 
the muscle layers and in the mesenteric lymph nodes. On 
microscopic examination, a progressive necrosis was found 
from the mucosa to the serosa. The restoration of blood 
flow to the severely ischemic splanchnic region, was frequently 
followed by a lethal circulatory collapse (Chiù et al., 
1972; Hinshaw et al., 1973; Glenn and Lefer,1970; Milliken 
et al., 1965) . 
Two theories are postulated as the cause of the lethal collapse; 
the fluid depletion theory, and the toxic factor theory. 
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IV.1.2.1. Fluid depletion theory. 
Marston demonstrated, in 20 experimental dogs, that during 
the period of occlusion of the SMA and death, the blood 
volume was lowered by a mean of 34% (Marston, 1964). During 
this time, the red cell mass fell by 10%, while the plasma 
volume decreased by 54% on average. The hematocrit rose 
steeply, showing that the loss was mainly of plasma (Marston, 
1963). Chiù et al. (1972) found that, in dogs, after three 
hours of occlusion of the SMA, restoration of blood flow 
to the ischemic tissues produced circulatory collapse with 
a mortality rate of 89% (8 out of 9 dogs). Immediate fluid 
therapy lasting for 24 to 48 hours, reduced the mortality 
rate to 36% (4 dogs out of 11). The authors suggested that 
severe fluid depletion secondary to intestinal ischemia 
was the main cause of circulatory collapse and death. They 
also proposed that the absorption of toxic factors from 
the previously ischemic bowel played an important role in 
m the mechanism of shock. 
IV.1.2.2. Toxic factor theory. 
The toxic factor theory was postulated by Fine et al. (Jacob 
et al., 1954) working with hemorrhagic shock model in dogs. 
The abnormal absorption of bacterial endotoxin after ischemic 
injury to the gut was considered to be responsible for the 
lethal shock (Cuevas and Fine, 1972). Two experimental obser-
vations are of relevance; 1) in animals where the occlusion 
was released, death was more rapid than in those where the 
occlusion was not released (Shapiro et al., 1958). 2) The 
post mortem findings in animals where the occlusion was 
released were insufficient to explain the deaths (Shapiro 
et al., 1958). Lefer and Martin (1970), detected, during 
hemorrhagic shock, the presence of a circulating myocardial 
depressant factor originating from the ischemic gut (Williams 
et al., 1968). Kobold and Thal (1963) identified, in the 
portal vein, various vasoactive substances as polypeptide 
like substances and histamine, serotonin, and catecholamines, 
which they believed to have been released from the ischemic 
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gut. Bateson et al. (1980) found that during prolonged intesti­
nal ischemia in dogs, a massive release of vaso-active intesti­
nal peptides (VIP) in the portal vein occurred, while there 
was no statistical difference in systemic or peritoneal 
fluid VIP levels between control animals or animals with 
intestinal ischemia. 
Ischemia of the bowel also causes a breakdown of the mucosal 
barrier, thus promoting the invasion of the wall of the 
bowel by bacteria and endotoxins. Bounos and McArdle (1969) 
occluded the SMA in dogs for two hours and found a significant 
increase in serum levels of acid phosphatase, В-glucuronidase 
and RNase, indicating that mainly the mucosal cells were 
lysed by the hypoxia. 
Rosato et al. (1971) found in dogs, during SMA occlusion 
that the intestinal contribution of serum alkaline phosphatase 
gradually fell from a control value of 25 to 0% . The determi­
nation of the intestinal fraction of total serum alkaline 
phosphatase was proposed as a useful tool in the clinical 
diagnosis of SMA obstruction. Total alkaline phosphatase 
levels in serum decreased during SMA occlusion. According 
to Bonakdapour et al. (1976), in dogs, the alkaline phosphatase 
increased proportionally to both the degree of ischemia 
and the degree of small bowel tissue damage. Transaminase 
levels in serum did not show a clear relationship to the 
extent of small bowel ischemia. A rise in portal venous 
potassium was demonstrated following the release of the 
occluded SMA after a two hour period (Mavor et al., 1963). 
The same effect was observed by Bergan et al.(1964). They also 
noted that the systemic potassium levels rose much more 
slowly than the portal venous potassium levels. 
A study of the literature about the events surrounding intesti­
nal ischemia reveals many conflicting results. Some authors 
strongly advocate the fluid shift as the causative factor 
of the frequently lethal shock, while others give their support 
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to the view of Lefer (1970) and Williams et al. (1969) 
who suggested a myocardial depressant factor to be involved. 
Hmshaw et al. (1973) were unable to confirm this cardiac 
cause of shock following SMA occlusion. 
Five minutes after portal vein occlusion, endotoxin was 
invariably present in the portal circulation of conventional 
rats, whereas endotoxin was not detected prior to portal 
vein occlusion. Thirty minutes after portal vein occlusion, 
there was also systemic endotoxemia, which sharply increased 
following restoration of the portal blood flow. Under the 
same experimental conditions, however, in germ free rats, 
portal or systemic endotoxemia was notably absent. Both 
convential and germ free animals had an impaired function 
of the reticuloendothelial system following portal vein 
occlusion (Olcay et al., 1974). 
IV.1.3. Factors influencing the outcome of intestinal ischemia. 
A review of the literature shows that several factors can 
influence the outcome of intestinal ischemia. 
-1) Temperature. 
Parkins et al. (1955) occluded the abdominal aorta of dogs. 
It was found that a warm ischemic period of one hour resulted 
in the death of 6 out of 10 animals, while cooling of the 
intestines increased the survival rate progressively. It 
was found that all of four animals survived one hour occlusion 
using rapid, direct cooling of the viscera with cold iced 
saline solution. Lillehei et al. (1959a) demonstrated in 
dogs, that the entire small bowel circulation could safely 
be interrupted for five hours, when the bowel was cooled to 
50C, while at normal body temperature 9 out of 10 dogs died 
following a 3 to 3.5 hours occlusion of the entire small 
bowel circulation. 
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-2) Anticoagulants. 
Systemic heparinisation decreased the mortality rate from 
4 dogs out of a group of 4, after a 4 hour occlusion period 
of the superior mesenteric vein, to 3 survivors out of a 
group of 3 dogs even after б hours occlusion. Low molecular 
weight dextrane had the same effect, probably because of 
a similar mechanism (D'Angelo et al., 1963). 
-3 ) Antibiotics. 
Systemic administration of penicillin and streptomycin largely 
extended the survival rates after occlusion of the SMA (Benjamin 
et al., I960). The authors found that 8 of 9 control dogs 
died (survival rate of 10%), while in the experimental group 
9 of 12 animals survived (survival rate of 75%). Nelson and 
Kremen (1950) demonstrated in dogs that decontamination of 
the bowel with sulfasuxidme and intramuscular administration 
of streptomycin resulted in a slightly increased survival 
rate after occlusion of the SMA. The mortality rate after 
4 hours of SMA occlusion was reduced from 75% to 25%. 
-4) ci-Adrenergic blockade. 
Celiac blockade and phenoxybenzamine, in dogs and rabbits 
suffering from a standardized SMA occlusion shock, have 
been shown to salvage one third of the animals, when given 
before restoration of the circulation (Nahor et al., 1966). 
-5) Peritoneal lavage. 
There is some evidence that peritoneal lavage may prevent 
endotoxemia, resulting from acute occlusion of the SMA in 
the rabbit (Candis et al., 1972). In the untreated animals, 
the plasma contained endotoxins whereas in rabbits lavaged 
for six hours, 82% of the samples of plasma, taken during 
lavage, were free from endotoxins. 
-6) Fluid therapy supplemented with corticosteroids. 
Dogs, subjected to two hours occlusion of the SMA, and treated 
with immediate fluid therapy, had prolonged survival times, but 
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a mortality rate of 100%. Supplementing this therapy with 
hydrocortisone premedication, led to 100% survival rate (Manahor 
and Tyagi, 1973 ) . 
IV.1.4. Conclusions and discussion. 
After acute occlusion of either the SMA or the portal vein, 
and more particularly after release of the occlusion, even 
after short periods of ischemia, a lethal circulatory collapse 
frequently may develop. Although many laboratory investigations 
have been devoted to this problem, the exact mechanism of 
deterioration still remains unknown. Death may be caused 
by fluid depletion but also by the absorption of toxic factors, 
or by both. 
In small bowel transplantation, investigators are confronted, 
too, with the restoration of circulatory to ischemic gut. 
If it is not possible to restore the circulation of the 
grafted small bowel quickly enough, the ischemic period 
may be too long and the deterioration of the bowel begins, 
with all the consequences described for intestinal ischemia 
(see f ig. 4.4). 
Hypothermia is probably the most important single factor 
in the preservation of the ischemic bowel, as hypothermia 
lowers oxygen demand (Levy, 1959). Hepanmsation, fluid 
therapy and antibiotics may influence advantageously the 
outcome of intestinal ischemia. Peritoneal lavage and 
α-adrenergic blockade may also be of influence. 
Corticosteroids in small bowel preservation (before transplan­
tation) may have several side-effects, although they seem 
to have a beneficial effect on the outcome of small bowel 
ischemia. 
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Fig. 4.4. Some physiological consequences of intestinal ischemia. 
(Modified a f t e r Marston, 1977.) 
8 6 
IV.2. Ischemic tolerances of the small bowel of the rat. 
Experimental study. 
IV.2.1. Introduction. 
This study was set up in order to determine the period of time 
( 'safe limits' ) for which the whole circulation of the small 
bowel of the rat could be occluded, without causing lethal 
shock. In rats, the superior mesenteric artery (SMA) and 
vein (SMV) and all collaterals to the small intestines, 
were occluded for a given time, after which the circulation 
was restored. The influence of hypothermia on the 'safe 
limits' of intestinal ischemia was also studied. 
IV.2.2. Material and methods. 
All experiments were performed on male adult Wistar rats of 
about 3 months, weighing between 250 and 300 g. About twelve 
hours before surgery, the rats were starved. Water was allowed 
ad libitum. No other preoperative measures were taken. 
After induction of ether anesthesia, the abdomen was shaved 
in the midline and opened. Two experimental groups were 
formed. 
In the first experiment occlusion of the entire small bowel 
circulation was performed at normal body temperature. The 
rat, lying on a rewarming mattress, was kept under ether 
anesthesia for the time of the occlusion. By means of a 
heating lamp, the animal was kept warm, so that the rectal 
temperature was between 35° and 37°C. The intestines were 
packed in saline moistened gauzes and retracted to the left. 
The SMA and SMV were occluded with non-crushing vessel clamps, 
just below the tributaries to the colon. Non-crushing clamps 
were also placed across the first part of the jejunum and 
the distal part of the ileum, together with the appertaining 
mesentery to occlude all intramural circulation. Immediate 
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cessation of all pulsations in the occluded part, followed 
by increased peristalsis, indicated that all circulation 
was shut off. The moistened gauzes were removed, the intestines 
placed back into the abdomen and the abdominal wall partly 
closed. 
In the second experiment the whole circulation to the small 
bowel was occluded as above, but this time, the intestines 
were retracted outside the abdomen and packed m saline 
moistened gauzes and cooled to 5°C with ice-cold saline. 
The gauzes were suffused with chilled saline, frequently, 
to keep surface temperature of the small bowel, measured 
with a thermo-couple, at S'C. No external heat was added. 
The abdominal wall was not closed. For the time of occlusion 
the animal was kept under ether anesthesia. 
At the end of the various ischemic times in both experimental 
groups, the occlusion of the circulation was removed and 
the abdominal wall was closed. Anesthesia was then stopped, 
so that the rats could awake . In both groups now the rats 
were kept warm by means of a heating lamp. 
The two main groups were subdivided each into three groups 
of rats according to the duration of ischemia. Each main 
group consisted of 30 rats and each subgroup of 10 animals. 
The duration of the circulation occlusion times at normal 
body temperature (group 1) and at 5°C (group 2), are listed 
into table 4.5. In each subgroup was noted how many rats 
died and times to death (survival times). 
IV.2.3. Results. 
The postoperative courses of rats from subgroup 'a' and 
'd' was uneventful. Most animals recovered quickly from 
the operation; others recovered more gradually, but in no 
instance symptoms of shock were noted. All animals survived 
the experiments in these two subgroups. In other subgroups 
frequently a rather typical postoperative course was noted. 
ΒΘ 
After an initial quick recovery, lasting several minutes 
to half an hour, the rats progressively became apathetic 
and very pale, especially their ears and eyes. The respiration 
then became gasping and markedly laboured. They laid them­
selves on one side and died in that position. No blood or 
stools were passed per anum. At autopsy, a macroscopic 
hemorrhagic infarction of the small bowel was invariably 
found, especially of the terminal ileum. The lumen of the 
small bowel was filled with bloody stained tough mucus. In 
the abdominal cavity, no fluids were found. All other organs 
were pale. After longer periods of ischemia fatal shock seemed 
to develop much more quickly (see tab. 4.5, subgroups 'b' & 'c' 
and 'e' & 'f'), although these differences were not significant. 
According to the two sample tests of Wilcoxon it was found 
for 'b' & 'c' that p>>0.1 and for 'e' & 'f' that ρ = 0.03. 
As level of significance has to be taken ρ < 0.025, because 
the subgroups were compared two times. At least an indication 
for significance seems to exist between the differences in 
survival times of the subgroups 'e' & 'f'. No level of sig­
nificance could be detected between the subgroups 'c' & 'e', 
as regards to the survival times (p >> 0.1.). 
Three rats survived 60 minutes occlusion of the entire circu­
lation at normal body temperature, while cooling of the in­
testines increased the survival rate to 100% (subgroup 'd'). 
The differences in the survival rates between the two subgroups 
at 60 minutes occlusion are significant according to the 
two sample test of Wilcoxon (p < 0.01). Occlusion of the 
entire circulation at normal body temperature for 90 minutes 
('c') led to the death of all animals, while cooling of the 
intestines to 50C led to the death of 8 animals of 10. The 
differences in these two mortality rates are not significant 
(Wilcoxon, two sample test; ρ >> 0.1). 
In fig. 4.6 and fig. 4.7 the results of this experiment are 
graphically represented. 
89 
GROUP 1. 30 rats, in which the entire circulation to the 
small bowel was occluded, at normal body temperature 
subgroup 
a 
b 
с 
η 
10 
10 
10 
duration of 
occlusion (min.) 
30 
60 
90 
death 
0 
7 
10 
time to death 
(min. - SD) 
-
126 - 159 
64 ί 28 
GROUP 2. 30 rats, in which the entire circulation to the 
small bowel was occluded, while the intestines were 
cooled to S-C. 
subgroup 
d 
e 
f 
η 
10 
10 
10 
duration of 
occlusion (min. ) 
60 
90 
120 
death 
0 
8 
10 
time to death 
(min. t SD) 
-
171 t 232 
45 ΐ 10 
Tab. 4.5. Intestinal ischemia in two main groups of rats. 
In order to determine the 'safe limits' of intestinal 
ischemia, the circulation to the small bowel was occluded 
for various times. In group '1', the experiments were 
performed at normal body temperature, while in group 
'2', the experiments were performed with cooling the 
intestines to 5°C. At normal body temperature the 
entire circulation of the small intestines could safely be 
occluded for 30 minutes, while cooling of the intestines 
to 5°C increased the 'safe interval' to 60 minutes. 
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Number of rats 
Ü • 
β -
б 1 
и -
2 · 
^ 
-, 
га 
ih-
:} 
3 0 6 0 9 0 
Fig. 4.6. 
Number of rats 
lO-i 
30 90 120 
Fig. 4.7. 
Minutes 
Fig. 4.6; and fig. 4.7. Intestinal ischemia in two mam groups of rats. 
To determine the 'safe limits ' of intestinal ischemia, the 
intestinal circulation was occluded for various times. In 
fig. 4.6, the results of the experiments at body temperature 
are presented, while m fig. 4.7, the results are presented 
of intestinal ischemia at 50C. The shaded areas present the 
rats that died after the given periods of ischemia ( 'minutes' ) . 
The differences between the two groups at 60 minutes occlusion 
are significant (ρ<Ό.01). 
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IV.2.4. Conclusions and discussion. 
In rats, at normal body temperature, total occlusion of the 
circulation to the small bowel can be tolerated for at least 
30 minutes, whereas after 60 minutes of ischemia, the incidence 
of fatal shock is high (7 out of 10 rats). Rats whose intestines 
were cooled during ischemia could tolerate 60 minutes of 
circulation occlusion, without developing fatal shock. This 
suggests that cooling of ischemic small intestines to 5°C 
has a favourable effect on the 'safe limits' of ischemic 
time. At 90 minutes of occlusion, cooling of the ischemic 
intestines had no significant effect on survival rates when 
compared to 90 minutes warm ischemic times. From this it 
can be concluded that the safety margins can be extended 
for only a short period, with regard to the used method of 
preservation of the ischemic small intestines (cooling). 
After longer periods of ischemia, fatal shock seems to develop 
much more rapidly, but the differences between onset after 
longer or shorter periods of ischemia were not statistically 
significant. 
* * * * * 
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-CHAPTER U-
S M A L L B O W E L P R E S E R V A T I O N . 
V.l. Introduction. 
The aim of preservation is to maintain the functional and 
morphological integrity of the graft during the period between 
organ removal and implantation. 
Over the last 20 years, clinical renal transplantation has 
developed from an experimental and often hazardous method 
to an established procedure of treatment of advanced renal 
disease. Renal preservation techniques have also steadily 
improved and much of our present knowledge is derived from 
these techniques. Effective preservation is now an integral 
part of the renal transplantation program (Marshall, 1979). 
Many of the techniques used with success in renal preservation 
have also been applied to small bowel preservation. However, 
these have been proved to be unsuccessful. In canine renal 
transplantation, Collins and associates (1969a) described 
excellent early function with consistent preservation, at 
24 and 30 hours, using ice storage after an initial cold 
flush with a solution, mimicking intracellular fluid. The 
same technique was used by Toledo-Pereyra and Najarían 
(1973) in canine small bowel preservation for 24 hours. 
After allotransplantation all dogs died within two days. 
Hemorrhagic necrosis of the graft was the usual cause of 
death . 
In the transplantation of other organs, such as porcine 
livers (Beizer et al., 1970) and canine hearts (Trunkey 
et al., 1970), 24-hours preservation has proved to be in-
adequate for consistent survival after orthotopic transplan-
tation. Martin et al. (1972) demonstrated in studies on 
canine kidney, heart, and liver transplantation, as well 
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on porcine liver transplantation that the kidney, if kept 
in cold is better equipped to retain the normal tissue electro­
lyte environment than the heart or the liver. This difference 
is explained by the persistence of active cation transport 
at 10°C, whereas liver and heart tissues showed no activity 
at this temperature. Probably, also, in small bowel preservation 
a high intrinsic cold sensitivity of cation transport, compared 
with a relative cold resistance in the kidney, may explain 
the poor preservation characteristics of the small bowel, 
just as in the liver and the heart. 
Hypothermia seems to be the most important single factor 
in preventing ischemic damage. As already demonstrated in 
Ch. 4, the 'safe limits' of ischemic time in the small bowel 
of the rat, are prolonged at low temperatures. Hypothermia 
lowers the metabolic demand. Oxygen consumption decreases 
at an exponential rate with falling temperatures in the 
dog kidney (Levy, 1959). At 5°C, oxygen consumption of kidney 
slices is less than 5% of normal (Levy, 1959). 
Another effect of hypothermia is that it depresses the ATPase 
activity in the tissues. This is a membrane bound enzyme 
system that expels sodium from the cell and accumulates 
potassium. The energy required for this system is provided 
by the hydrolysis of ATP (Glynn, 1968). With the depression 
of ATPase activity, sodium and water will enter the cell 
passively and potassium move out (Leaf, 1956). This exchange 
leads to progressive cellular destruction. A primary requirement 
for successful organ preservation is the retention of intra­
cellular electrolytes, together with the maintenance of 
the membrane potential (Beizer, et al., 197Θ). 
The most common methods of clinical and experimental organ 
preservation are discussed in this chapter and subsequently 
their application to small bowel preservation is reviewed. 
Finally, the technique of small bowel preservation in the 
rat, developed during the course of this study, will be 
described. 
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V.1.1. Simple hypothermic storage. 
Cooling of the rabbit kidney in situ in a suspended ice 
bath with saline, for 12 hours, has been shown to be an 
adequate method for preservation of kidney function (Collins 
et al., 1969b). About 20 minutes are required to drop renal 
core temperature to 10°C with surface cooling alone m the 
human kidney, while cold flushing shortens this time to 
about two minutes (Markland and Parsons, 1963) 
Rapid flushing with cooled fluid has the advantage of producing 
even cooling of the graft and removal of remaining blood 
from the graft. The graft is usually flushed and stored 
in the same solution, at a temperature between 2° and 40C. 
The early flushing solutions, such as saline or Ringer's 
lactate (in composition thought to simulate the extra-
cellular fluid), had the disadvantage of inducing a marked 
increase m the weight of the graft, due to interstitial 
edema formation (Acquatella et al., 1972). 
Collins et al., (1969a) advocated another flushing solution, 
in composition resembling the intracellular fluid. This 
solution has a high potassium and a low sodium concentration. 
The composition was isotonic. Loss of cellular potassium 
occurring during the preservation period was thought to 
be prevented by eliminating the cation concentration gradients 
between intracellular and extracellular compartments (Collins 
and Halasz, 1976). Probably the osmolar effects of nonionic 
(glucose), and ionic (magnesium sulfate), compounds are 
more important than preservation of ionic gradients (Downes 
et al., 1973). These authors found that washout solutions 
should be hypertonic as well as hyperosmolar. 
Sacks et al. (1973), too, stressed the importance of osmolality. 
Ross et al. (1976) developed a hypertonic citrate solution 
with results superior to both Collins' and Sacks' solutions. 
The mechanism of action of the washout solutions has never been 
satisfactorilly explained, but it seems that the ionic 
composition is of less importance, than the rise of total 
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osmolality of the solutions (Green et al., 1979). These 
authors found that the provision of an 'intracellular' ionic 
balance is not beneficial, but rather harmful. The suggestion 
was made to use balanced physiological salt solutions, added 
with impermeant solutes such as glucose and sulfate, to 
raise total osmolality. 
V.l.2. Machine preservation. 
Carrel and Lindberg (1938) studied continuous hypothermic 
perfusion with a machine. In their outstanding work "The 
Culture of Organs", however, nothing was described about 
the preservation of the small bowel, while almost every 
organ was studied. The reason was probably that the small 
bowel preparations were difficult to keep sterile under 
conditions of machine preservation. 
Beizer et al., (1967) promoted machine preservation with 
atraumatic pumping of an appropriate oxygenated cold perfusate. 
Successful 24 and 72 hours preservation of canine kidneys 
was possible. Whole or diluted blood appeared to be the 
most suitable perfusate, but hypothermic conditions increased 
the risk of aggregation of the formed elements. 
Best results in rat renal preservation were recorded using 
colloid as an expander to prevent interstitial edema and 
increasing resistance to flow (Frodin et al., 1975). Plasma 
would be appropriate, but is prone to denaturate because 
of the unstable protein fraction, which coalesces to form 
emboli. Subsequently the vessels are blocked during perfusion 
and after revascularisation (Beizer et al., 1967). To eliminate 
the lipoproteins from the plasma cryoprecipitation was recom-
mended (Beizer et al., 1968). Silica gel precipitation was 
used to remove fibrinogen (Toledo-Pereyra et al., 1974c). 
However, naturally occurring and possibly cross-reacting 
hetero- and allo-specific antibodies (NOHA's) are not cleared 
from the plasma by cryoprecipitation or silica gell precipi-
tation (Jeske and Abouna, 1973). Binding of these antibodies 
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to endothelial surfaces bears the risk of modification of 
the immunogenicity of grafts (Filo et al., 1974; Toledo-
Pereyra et al., 1974b; Jerusalem and Jap, 1977). 
Simplification of perfusates and the elimination of oxygenators 
have rendered machine preservation a useful and dependable 
method for kidney preservation, particularly for longer 
preservation times (Claes et al., 1976; Magnussen and Stowe, 
1976). Orthotopic canine small bowel allotransplants preserved 
for 48 hours by hypothermic bloodless perfussion were not 
able to maintain life for more than one week after trans-
plantation (Toledo-Pereyra et al., 1974a), while 24 hours 
perfusion caused a prolongation of survival for more than 
four weeks (Toledo-Pereyra and Najarían, 1973). 
V. 1. 3 . Freezing. 
Another method of organ preservation is freezing. This leads 
to the separation of water, causing in the liquid phase 
of the tissue, a progressive concentration of any solutes. 
This is lethal to the cells. The discovery of Polge et al.(1949) 
that glycerol formed a protection against freezing of solid 
organs just as dimethylsulfoxide (DMSO) (Lovelock and Bishop, 
1959) promoted the development of freezing cell suspensions. 
Freezing of solid organs appeared to be less successful, 
mainly because it was difficult to achieve a uniform rate 
of cooling of the organ because of its mass. Canine small 
bowel segments may be preserved successfully if perfused 
with DMSO or glycerol prior to a freeze-thaw insult (Guttman 
et al., 1970) . 
Hamilton et al. (1973) were able, after the perfusion of 
segments of canine small bowel with a cryoprotective solution, 
to freeze them in an ice chamber to -70°C, whereupon the 
grafts were placed in a liquid nitrogen refrigerator at -196°C. 
One week later, the grafts were rewarmed and heterotopically 
reimplanted. Five out of 14 grafts were successful. 
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V . 1 . 4 . Other a i d s t o p r e s e r v a t i o n . 
a) Oxygen. 
As already indicated in the paragraph on machine preservation 
(V.l.2.), oxygen is used in the preservation of organs. 
Manax and associates (1964) demonstrated the superiority 
of a combination of hypothermia with hyperbaric oxygen 
(3 atmos absolute, 100% 0 7) over hypothermic storage alone, 
in canine kidney preservation. It was thought that the hyper-
banc oxygen provided the oxygen requirements essential 
for viability at low temperatures (Ackermann and Barnard, 
1966). Slight rises were found of pCO^ and BUN levels in 
the preservation method combining perfusion with hypothermia 
and oxygen at 3 atmos for canine kidneys. By using helium 
instead of oxygen, under increased pressure in combination 
with hypothermia, it was also possible to prolong canine 
renal preservation times (Rudolf and Mandel, 1967). The 
pressure of the gas itself may possibly be of significance. 
Rising the oxygen pressures to 8 and 15 atmospheres proved 
to be detrimental in hypothermic canine kidneys and ileal 
segments stored for 24 hours. This may be related to oxygen 
toxicity (Rudolf and Mandel, 1967). Retrograde oxygen Per­
sufflation through the venous system of canine kidneys has 
proven to be a valuable addition to hypothermic preservation 
methods (Fisher et al., 1981). 
b) Nucleotide precursors. 
Graft ischemia causes rapid and progressive depletion of 
adenosine triphosphate (ATP). The breakdown products of 
ATP (AMP and ADP) rise as ATP levels fall (Fisher et al., 
1981). Pretreatment of donor animals with nucleotide pre­
cursors or their addition to the perfusates, have given 
conflicting results (Woo et al., 1977; Buhl et al., 1977). 
с) Membrane stabilizing factors and other pharmacological 
agents. 
Various additives have been advocated as membrane stabilizing 
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substances, such as steroids and chlorpromazine (Eyal et al., 
1965). Antibiotics are usually added in the perfusates, 
to suppress bacterial growth (Magnusson and Stowe, 1976). 
Magnesium sulfate has a possible role as a metabolic inhibitor 
(Magnusson and Stowe, 1976). 
V.l.5. Some methods of small bowel preservation selected 
from literature. 
Lillehei et al. (1959a) removed the entire small bowel from 
a dog and kept it at room temperature for periods of one 
to two hours. After this period, the small bowel was placed 
back in the peritoneal cavity and reimplanted with 'success' 
By placing the removed bowel into a sterile plastic bag 
and than in a beaker with cold saline at 5°C, the graft 
could subsequently be stored in a refrigerator for four 
to five hours to assure a successful autotransplantation. 
Thus, surface cooling to room temperature, or to 5°C in 
canine small bowel preservation, provides a safe means of 
interrupting all disadvantageous metabolic processes for 
two to five hours respectively. It was noticed, however, 
that in bowel which had been cooled to 5°C, marked edema 
developed after the transplantation. 
Eyal et al. (1965) removed 25 cm of the distal ileum in 
the dog and flushed the vascular bed with 200 ml cold 5% 
low molecular weight dextran in э balanced salt solution, 
supplemented with 20 mg heparin and buffered with THAM and 
sodium bicarbonate to a pH of 7.4. The grafts were stored 
at 2° to 4°C in the same solution for 24 hours or 48 hours. 
After autotransplantation in the neck of the dog, hemorrhagic 
necrosis developed. The addition of chlorpromazine to both 
perfusate and storage solution allowed successful preservation 
at 2° to 4°C for 24 hours and even 48 hours, whereas the 
addition of hyperbaric oxygen at 7.9 atmospheres improved 
the results, in terms of rapidity of re-establishment of 
normal mucosa and amount of initial damage, at 48 hours 
preservation time. Their work, however, established only 
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a histological viability. This is no proof of physiological 
integrity of the reimplanted segment. Only a normal physiologi-
cal behavior after auto- or allotransplantation may be considered 
as a proof of integrity of the preserved organ (Trunkey et 
al., 1970; Iijima and Salerno, 1967). Furthermore, it should 
be stressed that only a short segment of bowel was implanted 
which differs in its behavior from entire small bowel grafts. 
Iijima and Salerno (1967) preserved the entire small bowel 
of the dog for 5 hours under normothermic conditions using 
hepannized Ringer's lactate blood solutions. After auto-
transplantation, there was good viability of the preserved 
small intestines, reflected in a number of long term post-
autotransplantation survivors. 
Hypothermic pulsatile perfusion at 9°C, with homologous 
serum, of canine entire small bowel specimens was done by 
Alican et al. (1971). After allotransplantation, copious 
amounts of mucus were produced by the grafts. Within a few 
hours the recipients died from the loss of liters of fluid, 
electrolytes and protein. This phenomenon was an indication 
that the preservation method was inadeguate. Perfusion pressures 
were not recorded. 
From experiments of Austen and Mc.Laughlin (1965) on pulsatile 
and non-pulsatile canine small bowel perfusion in vitro 
with oxygenated blood, it was concluded that non-pulsatile 
blood flow to the isolated bowel resulted in an impairment 
of metabolic function within 6 hours. Pulsatile flow, on 
the other hand, did not seem to result in marked impairment 
of either function or gross changes of the mesentery even 
after periods of perfusion up to eighteen hours. Arterial 
perfusion pressures were kept between 140 and 160 mm Hg. 
In non-pulsatile perfusion, an important impairment to flow 
was noted which was not found with pulsatile flow. 
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The physiological properties of the pressure probably play 
a role in the function of microcirculation. The pulsatile 
character of flow may to some extent, protect the capillaries 
from damage. In contrast, pulsatile perfusion of canine 
kidneys caused structural alterations, especially of the 
glomerular endothelium. These alterations became most evident 
at high mean perfusion pressures (60 mm Hg) and less in 
low mean perfusion pressures (30 mm Hg) (Cerra et al., 
1975). 
Toledo-Pereyra and Najarían (1973) compared the different 
perfusion and non-perfusion systems, that have been applied 
to kidney preservation, in the 24 hours preservation of 
the entire small bowel in the dog. Two commercially available 
pulsatile perfusion systems were compared with each other 
(Mox-100 and Mox-300 ^and with a non perfusion technique: 
'Collins' method' (flush with 300 ml of С -Collins' solution 
at 4°C, containing MgSO., 50% glucose, methylprednisolone 
and chlorpromazine. After initial flushing the grafts were 
stored in the same solution). After the different methods 
of preservation for 24 hours, the grafts were allotransplan-
ted. The restoration of function in long-term survivors 
(> 20 days) determined the final evaluation. All dogs that 
received a non-perfused small bowel ('Collins' method') 
died within two days. The usual cause of death was hemorrhagic 
necrosis of the graft. The other dogs that received continuous 
perfused allografts were long-term survivors. 
Very little is known about small bowel preservation in rats. 
Simple hypothermic storage after an initial flush of the 
vascular bed with iced saline is described (Monchik and 
Russell, 1971; Kort et al., 1973). The ischemic times did 
not exceed 60 minutes . 
V . l . 6. C o n c l u s i o n s . 
From the foregoing discussion, the following conclusions 
can be drawn. 
-1) Preservation and storage of the small bowel in dogs 
is not as successful as renal preservation. 
-2) In small bowel preservation in dogs, continuous perfusion 
has proved to be superior to flush and storage. 
-3) Hyperbaric oxygen in the canine small bowel preservation 
technique seems to be advantageous. 
-4) Continuous perfusion with cryoprecipitated plasma may 
cause immunological damage to the graft. 
-5) Freezing may be one of the most promising methods for 
storage but is also the most laborious. 
-6) Pulsatile flow seems to be better than non-pulsatile 
flow in preserving canine small intestines. This may 
indicate that the microcirculation is protected against 
pressure damage by the pulsatile character of the perfusion. 
-7) Perfusion itself may cause structural injury to the 
graft, especially with high mean pressure perfusion. 
-8) Very little is known about preservation and storage 
of the rat small bowel. 
-9) The ultimate test of viability of a preserved intestinal 
graft, is transplantation and demonstration of function 
in the recipient. 
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У.2. Own experiments on short term preservation of the small 
bowel of the rat. 
V.2.1. Introduction. 
Within the scope of this study of small bowel transplantation 
of the rat, the main interest has been geared to short term 
preservation. The aims of this investigation were to determine 
the limitations, and the consequences, of preservation on 
the viability of the small bowel. As pointed out earlier, 
the only valid test for predicting viability is auto- or 
allotransplantation, and study of the fate of the graft 
in the recipient. In this study, allotransplantation after 
preservation, was performed and in the case of immediate 
survival, a second look laparotomy was carried out after 
24 hours. The viability was judged from gross examination. 
All experiments were performed in male outbred Wistar rats 
weighing between 250 and 300 g. The technique for transplan­
tation has been described already in chapter 2. Anesthesia 
was performed using the semi-closed ether inhalation system, 
described in chapter 1. 
The experiments were not randomized, suggesting that the 
technique may have influenced the outcome of the results. 
However, in such studies it is hardly possible to perform 
randomized experiments because the outcome of the previous 
experiments determines the set up for the following. 
All rats with severe problems in surgical techniques 
or in anesthesia were excluded from the experiments. In 
the experimental groups 1 to 7, the death of three rats 
was regarded as a result of technical short-comings. Two 
rats died because of an insufficient vascular anastomosis 
technique, one rat died from an overdose of anesthetic. 
When the rats died within 24 hours of transplantation, autopsy 
was performed as soon as possible. 
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V . 2 . 2 . P r e s e r v a t i o n e x p e r i m e n t I . 
S u r f a c e c o o l i n g , ( e n t i r e smal l bowel) 
V.2.2.1. Material and methods. 
Number of rats: 5. 
Length of transplant : entire small bowel. 
Warm ischemic time: 1 minute. 
Method of preservation: simple surface cooling, without 
flushing (cold saline). 
Storage in cold saline at 2°- i°C 
and allotransplantation. 
V.2.2.2. Results. 
In this group there were no survivors. All animals died 
within two hours after the transplantation (see tab. 5.1), 
exhibiting the same shock symptoms as described in § IV.2.3. 
rat 
no. 
1 
2 
3 
4 
5 
mean 
(SD) 
cold ischemic 
time (minutes ) 
35 
50 
40 
45 
55 
- 45 (Θ) 
time till 
death (hrs) 
Ü 
1 
il 
2 
H 
i* (i) 
aspect at 
24 hrs 
-
-
-
-
-
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.1. Entire small bowel allotransplantation m the rat (Mistar 
to tostar ) . Method of preservation : surface cooling. 
At autopsy a p a l e smal l bowel wi th pa tchy hemorrhagic s p o t s 
was i n v a r i a b l y found. The lumen of t he smal l bowel was f i l l e d 
wi th a brownish tough mucus. The v e s s e l anas tomoses were 
p a t e n t on g r o s s i n s p e c t i o n . 
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V.2.2.3. Conclusions and discussion. 
It seems justified to conclude that surface cooling, exclusively 
is insufficient for (entire) small bowel preservation in 
the rat. The mean ischemic time of 45 minutes, in this experi-
ment is in contrast to the experiments on ischemic tolerance 
of small bowel in rats (see chapter IV; § IV.2.3.), where 
at 5°C, an ischemic time of 60 minutes could be tolerated 
without the development of fatal shock. In this experiment 
however, the influence of the operating trauma has also 
to be taken into account. 
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V . 2 . 3 . P r e s e r v a t i o n e x p e r i m e n t I I . 
Preservation technique with some modifications after Monchik 
and Russell. (entire small bowel) 
V.2.3.1. Introduction. 
In this experiment the preservation technique of Monchik 
and Russell (1971) was modified. These authors perfused 
the SMA with 12 to 24 ml of iced 1% heparin saline solution 
via a vinyl catheter with an outside diameter of 0.9 mm. 
The catheter was placed previously in the aorta distal to 
the SMA. The aorta was tied off just above the SMA after 
placement. Side branches of the aorta were ligated where 
necessary. The effluent from the divided portal vein was 
clear when the given volume of perfusate had been infused 
over three to five minutes. 
In a pilot study, the above mentioned preservation technique 
was performed. It was found that to perfuse the mentioned 12 
to 24 ml of the preservation fluid over three to five minutes 
the bottle of chilled saline had to hang at a height of 
at least one meter. Many problems were encountered with 
this technique especially with inconsistent flushing of the 
graft. In order to achieve a more rapid cooling, this technique 
was modified. The donor was heparimzed via the penile vein 
prior to dividing the portal vein in the liver hilus. The 
SMA was taken with a cuff from the aorta. The resected speci-
men was immediately placed on a chilled saline soaked gauze 
and perfused via a 23 gauge blunt needle, inserted into 
the SMA, as described m chapter 2 (II.3.3.2.). The bottle 
with chilled (50C) saline was hanging at a height of 80 
cm above the specimen and flushing was done by gravity. With 
this method, exact control was possible of the effluent 
from the portal vein. Within one minute, the effluent was 
always clear. The total flush volume was about one ml. After 
flushing, the graft was stored in cold saline at 2C-4°C. 
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V.2.3.2. Materials and methods. 
Number of rats : 5 . 
Length of transplant: entire small bowel. 
Warm ischemic time: 1 minute. 
Method of preservation: flush by gravity (at a height of 80 cm.) 
with cold salme via the SMA and 
subsequent storage m cold saline 
at 2°- 4°C. After storage, allotrans­
plantation . 
V.2.3.3. Results. 
None of t h e an imals s u r v i v e d t h i s method of p r e s e r v a t i o n 
and a l l o t r a n s p l a n t a t i o n . They a l s o d i e d in a s e v e r e shock. 
At autopsy p a l e g r a f t s wi th patchy hemorrhagic i n f a r c t i o n s 
were found as in t h e p r e v i o u s e x p e r i m e n t . The ye l low-brownish 
mucus was a l s o found in t h e lumen. The v a s c u l a r anastomoses 
were p a t e n t . 
rat 
no. 
6 
7 
θ 
9 
10 
mean 
(SD) 
cold ischemic 
time (minutes) 
35 
30 
40 
35 
40 
- 36 (4) 
time till 
death (hrs) 
Η 
2 
2± 
2 
Η 
2 (i) 
aspect at 
24 hrs 
-
-
-
-
-
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.2. Preservation experiment 2. Entire small bowel transplantation 
in the rat (Wistar to Wistar). Method of preservation: flush 
using gravity at a height of 80 cm with iced saline solution 
and storage, m the same solution, at 2°- 4°C. 
1 0 7 
V.2.3.4. Conclusions and discussion. 
Preservation of the entire small bowel of the rat, by flushing 
via the SMA by gravity at a height of 80 cm with cold saline 
and subsequent storage in the same solution for about half 
an hour, is insufficient to preserve good viability. In 
addition to the unavoidable traumatic shock due to surgery 
the saline of the flushing solution, which in composition 
resembled the extracellular fluid, probably caused too much 
interstitial edema and cellular swelling, with subsequent 
impairment of flow, especially after revascularisation. 
For this reason, warm ischemic time was possibly longer 
than measured. The relatively high perfusion pressure (flush 
pressure) probably also had a harmful effect on the tissue. 
In the following experiment, the preservation solution resem­
bling the extracellular environment, was changed to a fluid 
resembling the intracellular ionic composition viz: the 
Collins' solution С.. 
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V . 2 . 4 . Preservation experiment III. 
Flush and storage with an intracellular resembling fluid. 
(entire small bowel) 
V.2.4.1. Material and methods. 
Number of rats: 5. 
Length of graft : entire small bowel. 
Warm ischemic time: 1 minute. 
Method of preservation : flush by gravity at a height of 80 cm 
with Collins' C. solution (5°C), sub­
sequently storage in the same solution 
at 2°- 4°C. After storage allotransplan­
tation . 
V.2.4.2. Results. 
All r a t s d i e d w i t h i n t h r e e hours secondary t o s e v e r e s h o c k . 
At a u t o p s y , t h e same f i n d i n g s were found as d e s c r i b e d in 
§ I V . 2 . 3 . 
rat 
no . 
11 
12 
13 
14 
15 
mean 
(SD) 
cold ischemic 
time (minutes) 
35 
35 
40 
35 
35 
± 36 (2) 
time till 
death (hrs) 
2 
U 
2 
2І 
2 
2 (!) 
aspect at 
24 hrs 
-
-
-
-
-
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.3. Preservation experiment 3. Entire small bowel transplantation 
in the rat (Wistar to Wistar). Method of preservation: flush 
by gravity at a height of 80 cm with iced Collins ' С solution 
and storage m the same solution. 
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V.2.4.3. Discussion and conclusions. 
Flushing the vascular system of the entire rat small bowel 
with chilled (5°C) Collins C.-solution by gravity at a height 
of 80 cm and subsequent storage in the same solution at 
2°-4°C for about half an hour, proved to be an inadequate 
preservation method. 
It may be that the flushing pressure was too high, causing 
damage to the vascular system and/or the interstices. From 
studies of Gore and Bohlen (1977), it has become obvious 
that in the rat the capillary pressure of the mucosal vascu-
lature is significantly and consistently lower than the 
capillary pressure of the vasculature supplying the muscle 
layer. The regional differences in the intestinal capillary 
pressures appeared to be related to structures similar to 
precapillary sphincters. The precapillary or arteriolar 
resistance section is the main determinant of the blood 
flow in the microcirculation (Folkon, 1967). 
Continuous flow perfusion (flushing) probably causes a 
disturbance in the resistance of vessels, abolishing particu-
larly the function of precapillary sphincters and thus trans-
mitting the whole pressure into the capillaries. Too high 
a perfusion pressure during continuous flow perfusion, probably 
causes damage to the capillaries and possibly to the post-
capillary veins. The whole system of low and high pressure 
capillaries is thus damaged. 
Since pulsatile flow perfusion has been shown to be superior 
to non-pulsatile flow (Austen and McLaughlin, 1965) for 
preservation of the small bowel, the pulsatile character 
is suggested to be the stimulus for the maintenance 
of the essential tone of the sphincter system by 
which the separation into low and high pressure capillary 
beds is warranted. In this context, it seems reasonable to 
lower the pressure of the flushing procedure. 
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Another problem of transplantation of the entire small bowel 
in the rat is the high risk of rapidly developing fatal 
shock as a result of inadequate preservation (see fig. 4.4.). 
For this reason, it appeared essential to transplant only 
a segment of small bowel in order to study whether by decreasing 
the length of the graft, the risk of shock was also diminished. 
The choice of the preservation fluid has been the matter 
of extended discussion (see §V.1.1.). Schalm et al. (1975) 
concluded from experiments on short-term liver preservation 
and transplantation that the composition of the preservation 
fluid was of less importance. On the other hand, mention 
is made of the harmful effects of preservation fluids resembling 
the intracellular ionic composition (Green et al., 1979). 
It was decided, therefore, in the next experimental series 
to transplant a short segment of small bowel only (the proximal 
15 cm.) and to perform a flushing procedure with Ringer's 
lactate solution. The pH of the Ringer's lactate solution 
was adjusted with Na-bicarbonate solution to 7.4. 
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V.2.5. Preservation experiment IV. 
Storage after flush with Ringer's lactate by gravity at 
a height of 50 cm. (segment of small bowel) 
V.2.5.1. Material and methods. 
Number of rats: 5. 
Length of the graft: about 15 cm. (Proximal part of small bowel.) 
Warm ischemic time: 1 minute. 
Method of preservation: flush with iced Ringer's lactate by 
gravity, at a height of 50 cm. Flow 
about i-1 ml per minute. After 
flushing storage in the same solution 
at 2°-4°C (Ringer's lactate was 
buffered with NaHCCU to pH of 7.4.) 
and allotransplantation. 
V.2.5.2. Results. 
Symptoms of shock were notably absent in this group of rats. 
24 hours after the transplantation a second look laparotomy 
was performed, after which the animals were killed by ex-
sanguination. At laparotomy a greenish colored ischemic 
gangrene of the graft was found, with foul smelling fluid 
inside the lumen. The vascular anastomoses were patent. 
The mesentery was edematous and partly vital (see table 5.4.). 
rat 
no . 
16 
17 
18 
19 
20 
mean 
(SD) 
cold ischemic 
time (minutes) 
35 
30 
25 
30 
35 
- 31 (4) 
time till 
death (hrs) 
24 S 
24 S 
24 S 
24 S 
24 S 
aspect at 
24 hrs 
gangrene 
gangrene 
gangrene 
gangrene 
gangrene 
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.4. Results of preservation experiment 4. 'S ' means 'sacrificed '. 
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V.2.5.3. Conclusions and discussion. 
Preservation of rat small bowel segments by flushing the 
vascular bed with cold Ringer's lactate by gravity at a 
height of 50 cm and subseguent storage in the same solution 
at a temperature of 2 o- 4°C, seems to be an inadeguate 
preservation method. 
Probably the flushing pressure was too high, so that damage 
could occur to the capillaries of the mucosa of the bowel. 
At laparotomy the bowel had an ischemic necrotic appearance, 
but the circulation was maintained in the mesentery. 
The segment of the transplanted bowel was seemingly too short 
to cause fatal shock, as was found after entire small bowel 
transplantation in the rat with insufficient preservation. 
113 
V.2.6. Preservation experiment V. 
Flush with cold Ringer's lactate by gravity at 35 cm height 
and thereupon storage in the same solution at 2°-4°C. 
"low pressure flush", (segment of small bowel). 
V.2.6.1. Material and methods. 
Number of rats : 5. 
Length of transplant: about 15 cm of proximal jejunum. 
Warm ischemic time: 1 minute. 
Method of preservation: flush with cold (5°C) Ringer's lactate 
by gravity at a height of 35 cm. Flow 
about i ml per minute. After flushing 
storage in the same solution at 2°-4°C. 
(Ringer's lactate buffered with NaHCO 
to a pH of 7.4) and allotransplantation. 
V.2.6.2. Results. 
All rats of this group survived the transplantation for at 
least 24 hours. At that time the animals were healthy. Laparotomy 
was performed, after which the animals were sacrificed by 
exsanguination. At laparotomy in all instances a macroscopically 
vital graft was found exhibiting normal tone (see tab. 5.5). 
rat 
no . 
21 
22 
23 
24 
25 
mean 
(SD) 
cold ischemic 
time (minutes) 
35 
40 
30 
35 
35 
- 35 (4) 
time till 
death (hrs) 
24 S 
24 S 
24 S 
24 S 
24 S 
aspect at 
24 hrs 
vital 
vital 
vital 
vital 
vital 
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.5. Results of preservation experiment 5. 'S' means 'sacrificed '. 
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V.2.6.3. Conclusions. 
Preservation of a small bowel segment of the rat by flushing 
of the vascular bed of the graft with cold (5°C) Ringer's 
lactate at a pressure of 35 cm water and subsequently storage 
in the same solution at 2°-4°C seems to be an acceptable 
method of preservation for at least 35 minutes. 
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V.2.7. Preservation experiment VI. 
Entire rat small bowel preservation with low pressure flush. 
V.2.7.1. Introduction. 
This experiment was set up to study the practibility of 
the preservation method of the experimental group V for 
the entire rat small bowel. 
V.2.7.2. Material and methods. 
Number of rats: 4. 
Length of the graft: entire small bowel. 
Warm ischemic time: 1 minute. 
Method of preservation: flush with iced Ringer's lactate by 
gravity at a height of 35 cm. Flow 
about 1 ml per minute. After flush 
storage in the same solution at 20-4°C 
and allotransplantation. 
V.2.7.3. Results. 
R e s u l t s of t h i s s tudy showed t h a t t h e a p p l i e d method of 
p r e s e r v a t i o n of t he e n t i r e smal l bowel of t he r a t , was not 
s u c c e s s f u l . However, as can be seen in t a b . 5 . 6 , t he time 
u n t i l d ea th was d i s t i n c t l y longer than in a l l o t h e r expe r imen t s 
i n v o l v i n g t o t a l l e n g t h smal l bowel g r a f t s . 
rat 
no. 
26 
27 
28 
29 
mean 
(SD) 
cold ischemic 
time (minutes) 
35 
40 
35 
40 
- 38 (3) 
time till 
death (hrs) 
8 
6 
4 
< 24 
aspect at 
autopsy 
distal 
necrosis 
„ 
„ 
„ 
vessel 
anast. 
patent 
patent 
patent 
patent 
Tab. 5 .6 . Preserva t ion experiment 6. Entire rat small bowel allotrans-
plantation after low pressure flush with iced Ringer's lactate. 
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All rats died within 24 hours. Rats 26, 27, and 28 died 
after a period of shock. In rat 29 the cause of death remained 
uncertain, but it is very likely that death was also preceded 
by a period of shock, as judged from the pale aspect of 
ears and eyes at autopsy. 
In every case at autopsy, hemorrhagic necrosis of the distal 
part of the graft was found. The necrotic portion of the 
graft measured about five to seven centimeters and corre-
sponded to the main portion of the ileum that was supplied 
by the ileocolic artery. At operation, too, it had been 
noticed that after revascularisation the most distal part 
of the graft, supplied by the ileocolic artery, exhibited 
a dark puple color. In addition, this portion was flabby 
and pulsations of the ileocolic artery were hardly visible. 
The vein was also noted to be congested. 
V.2.7.4. Conclusions and discussion. 
Preservation of the entire rat small bowel by means of cold 
flushing the SMA with Ringer's lactate (50C) by gravity 
at a height of 35 cm and subsequent cold storage in the 
same solution at 2°-4°C, appeared to be an inadequate preser-
vation method for storage of about 40 minutes. The main 
problem was shown to arise in the distal part of the ileum, 
supplied by the ileocolic artery. The circulation was in-
sufficiently re-established after revascularisation m the 
distal part. 
It was noticed that after finishing the vascular anastomoses 
the pulsations in the mesentery of the graft gradually became 
very weak soon after release of the vessel clamp. This was 
quite different from the findings in operation group V. 
In this group, after releasing the vessel clamp the circulation 
of the grafted small bowel segment produced vasodilatation 
with steady forcible pulsations. 
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It was thought that pooling of blood in the submucosal plexus 
was the cause of the gradual deterioration of the grafted 
small bowel. The terminal part of the ileum was thought 
to be very sensitive to the disturbed microcirculation. 
Using this transplantation procedure, all the nervous connections 
to the entire small bowel are severed, resulting in a profound 
vasodilatation. On the other hand, it may be expected that 
the microcirculation to the villi is closed by edema and possibly 
by a direct action of vasoactive substances derived from 
both the anoxic bowel and anerobic metabolytes. 
As a result of these events, most of the blood will be shunted 
through the mucosal plexus, without entering the villi. 
Thus, secondary to vasodilatation, the blood is pooled 
particularly in the submucosal plexus, while the villi are 
insufficiently perfused. 
From the accumulated experiences obtained in the forementioned 
studies, it could be concluded that the removal from the 
graft of the ileocolic vessels, together with the appertaining 
portion of the distal ileum (about 5 to 7 cm.) will not 
only oblige the same amount of blood to flow through the 
remaining part of the bowel, but also diminish the pooling 
effect. A second advantage of this procedure is perhaps 
the omission of the apparently most sensitive terminal ileum, 
since experiments on ischemia of the small bowel in the 
rat demonstrated the discoloration of the bowel predominantly 
to occur at the ileocolic region. This was also noted by 
Khanna (1959) in experiments on small bowel ischemia in 
the rat. 
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V . 2 . 8 . P r e s e r v a t i o n e x p e r i m e n t V I I : S u b t o t a l s m a l l 
bowel preservation with low pressure flush. 
Preservation of the subtotal small bowel of the rat, by 
flushing the SMA with cold Ringer's lactate at 5°C by gravity 
at a height of 35 cm. Afterwards storage in Ringer's lactate 
at 20-4°C, and allotransplantation. 
V.2.8.1. Introduction and pilot experiment. 
With this method of preservation, the influence of preservation 
as described in group V was studied, but now in combination with 
excision of the ileocolic vessels, together with the apper­
taining portion of the distal ileum (5-7 cm). 
This procedure was first followed in rat 30. After the operation 
no signs of shock developed and the animal behaved very 
well. There was an initial slight decrease in body weight 
(see fig. 5.7.). During the first postoperative week, the 
rat had some diarrhea, but by the seventh day the stools 
were almost normal. On day 9, however, alopecia became manifest 
associated with cutaneous erythema and edema, especially of 
the paws and the ears. Under ether anesthesia, a laparotomy 
was performed. The graft seemed hyperemic and swollen on 
palpation. There were almost no adhesions. The spleen was 
enlarged about two times of the normal size. The lymphnodes 
of the mesentery of the graft, too, were enlarged, while 
the lymphnodes of the mesentery of the recipient had almost 
disappeared. A whole segment biopsy of about 5 mm in length 
was taken from the distal portion of the graft. Histological 
examination revealed an almost normal appearance. Some edema 
was present, but there were no signs of rejection (see fig. 
5.Θ.). On day 13 postoperatively, the rat was emaciated 
and was sacrificed. At autopsy the adipose tissue within 
the abdominal cavity had almost totally disappeared. The 
graft was livide but appeared normal on gross examination. 
The lymphnodes of the mesentery of the graft were strongly 
enlarged. Histological examination revealed an acute rejectK ion 
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Fig. 5.7. Changes m body weight of rat 30, after small bowel trans­
plantation. The changes are expressed as Δ% from preoperative 
weight. After an initial fall, the preoperative weight is 
regained. At day 9 clinical signs of a graft versus host reaction 
were manifest. A biopsy was taken from the graft at laparotomy 
(see fig. 5.8.). Subseguently the body weight decreased rapidly 
until sacrifice. 
Fig. 5.8. Small bowel biopsy of rat 30, at day 9 after transplantation, 
exhibiting an almost normal appearance. Slight edema. No signs 
of rejection. (Hematoxylin and eosin: x30). 
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Fig. 5.9. Small bowel transplantation m rat 30. At sacrifice, on day 
13, the mesenteric lymphnode of the graft was largely rejected, 
as indicated by a total loss of germinal center cells, pyknosis 
of lymphocytes of the follicular corona and the exhaustion 
of paracortical T-lymphocytes. (Hematoxylin and eosm: x150). 
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Fig. 5.10. Small bowel trans-
plantation in rat 30. Day 
13 after the transplan-
tation . Appearance of the 
graft at sacrifice. Almost 
normal architecture. No 
clear signs of rejection, 
although there is some 
damage of the vascular 
endothelium. (Hematoxylin 
and eosm : x60 ) . 
Fig. 5.11. Small bowel transplantation m rat 30. Appearance of the graft 
at sacrifice, at day 13. There is some damage of the vascular 
endothelium as indicated by basal vacuolization of arteriolar 
and vacuolar degeneration of venular endothelium. (H & E: x350i 
122 
of the lymphnodes of the mesentery of the graft, suggestive 
of a predominantly humoral type of rejection (see fig. 5.9.). 
The middle portion of the graft seemed normal, except for 
some damage to the vascular endothelium (fig. 5.10; and 
fig. 5.11.). The rejection of the lymphnodes was more striking 
than that of the small bowel. 
V.2.8.1.1. Conclusions and remarks. 
The results of this pilot experiment suggested that this 
method of preparation and preservation of the graft was 
the most suitable for further experimental studies. For 
this reason, the experimental design was repeated in a larger 
number of rats to get better insight into the early post-
operative course. 
V.2.8.2. Material and methods. 
For this preservation experiment, 5 male outbred Wistar 
rats were used as donors and recipients respectively. The 
preparation of the graft is the same as in experiment 6, 
but in addition , the ileocolic vessels were removed together 
with the attached 5 to 7 cm distal ileum. After low pressure 
flush, the graft was stored in cold Ringer's lactate at 
2°-4°C. After preparing the recipient, the graft was trans-
planted by the technique described in chapter 2 (§11.3.3.3.). 
Twenty-four hours later, the animal was sacrificed after 
laparotomy had been performed. The viability of the graft 
was judged by gross examination. Patency of the vascular 
anastomoses was also studied by palpation and resection 
under optical magnification. 
V.2.8.3. Results. 
As can be seen from tab. 5.12; all animals survived at least 
24 hours. They were all in good condition and symptoms of 
shock were notably absent. After 24 hours, the animals underwent 
a laparotomy, during which the grafted small bowel was examined. 
On gross examination, all grafts were vital and all vascular 
anastomoses were patent. Tough caseous mucus was not found 
anywhere inside the lumen of the bowel. 
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rat 
no . 
31 
32 
33 
34 
35 
mean 
(SD) 
cold ischemic 
time (minutes) 
30 
35 
25 
35 
35 
- 32 (5) 
time till 
death (hrs) 
24 S 
24 S 
24 S 
24 S 
24 S 
aspect at 
24 hrs 
vital 
vital 
vital 
vital 
vital 
vessel 
anast. 
patent 
patent 
patent 
patent 
patent 
Tab. 5.12. Preservation experiment 7. Subtotal rat small bowel allotrans-
plantation (Wistar to Wistar). The ileocolic vessels are 
removed from the graft, together with the distal ileum. Low 
pressure flush with chilled Ringer's lactate. 'S' means 
'sacrificed '. 
V . 2 . 8 . 4 . Conc lus ions and r emarks . 
This method of p r e s e r v a t i o n , a l though very s h o r t wi th r e s p e c t 
t o t he p e r i o d of s t o r a g e , has proven to be adequa te to s tudy 
s u c c e s s f u l l y t r a n s p l a n t a t i o n problems in t he r a t . T h e r e f o r e , 
in a l l f u r t h e r e x p e r i m e n t s , t h i s method of p r e s e r v a t i o n 
was a p p l i e d . Compared t o i d e n t i c a l p r e s e r v a t i o n methods 
in can ine smal l bowel t r a n s p l a n t a t i o n i t has become obvious 
t h a t in t he r a t t he s a f e l i m i t s of p r e s e r v a t i o n t ime a r e very 
s h o r t . 
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-CHAPTER V I -
" A l l r a t s are e q u a l , but some r a t s are more equa l than the o t h e r s " 
( A f t e r George O r w e l l ; Animal f a r m , IfJ'tS) 
SOME IMMUNOLOGICAL CONSIDERATIONS ON SMALL BOWEL TRANSPLANTATION 
IN THE RAT. 
VI.1. Introduction. 
The rejection of an organ is an immunological reaction. 
The reaction is donor antigen specific. While the primary 
reaction is frequently characterized by an insidious onset, 
the secondary response is brisk. The transplantation reaction 
is mediated by both cells and antibodies which are specifically 
directed against the antigens of the graft. The reaction 
is genetically controlled. In each vertebrate species, a 
major histocompatibility system (MHS) is involved in both 
sensitisation to antigens and in the effector phase of the 
graft reaction. The antigens governed by the MHS are expressed 
on the cell surface. They are inherited from the father 
and the mother and are codominantly expressed (Roitt, 1980). 
In the laboratory rat, Rattus Norvégiens, the MHS is called 
'RTl system' (Günther and Stark, 1979). Formerly it was 
called the 'Ag-B system' (Elkins and Palm, 1966), or simply 
'the H-l system' (Stark and Kren, 1967). 
According to Günther and Stark (1977), the MHS of the rat 
has been defined in the same way as that of the mouse and 
subsequently that of other species : "as a histocompatibility 
system that exhibits a predominant role in allograft survival, 
incompatibility leading to skin graft rejection in less than 
fourteen days, or to tumor graft rejection and to antibody 
production by means of which an analysis of the system is 
possible". To the MHS of the rat are also linked genes 
controlling immune responsiveness (Ir-genes) and genes controlling 
disease susceptibility (Günther and Stark, 1977). At least 
ten haplotypes of the MHS of the rat have been described and 
matched (Gill III, 1978). 
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P A R E N T A L S T R A I N A N I M A L S 
F, p r o g e n y 
Θ
Χ 
В в 
Θ 
1) F1 4 Ρ 
AB cells grafted into AA or BB parental strain animals 
2 ) 
R E J E C T I O N of the graft. Each parental 
animal recognizes the AB antigen as foreign 
strain antigen. The grafted cells do not recognize 
foreign strain antigens in the recipient. 
• F 
AA cells grafted into AB-F, animals 
A C C E P T A N C E of the graft. Recipient does 
not recognize antigens of foreign strain. 
Grafted cells recognize foreign strain antigens 
in recipient. Grafted immunologically competent 
AA cells may in this case react against recipient. 
( G V H r e a c t i o n ) . 
Fig. 6.1. Graft versus host reaction m the model Ρ—»• F, . 
(Modified after Calne, 1975). 
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Knowledge of the genetics of the mouse is much more advanced 
than that of the rat, although presently many inbred strains 
of rats, which can be used for immunogenetic analysis, are 
available (Festing, 1979c). Members of an inbred strain 
always accept intrastram grafts; they are homozygeous for 
the 'transplantation genes'. All F. hybrids of a crossmating 
between two inbred strains are heterozygeous . Parental strain 
cells grafted into F. hybrid rats are accepted, because 
the F, hybrid does not recognize the grafted cells as 
foreign strain antigen (Billingham, 1959). See fig. 6.1. 
When competent donor lymphoid cells are grafted into a recipient 
incapable of recognizing and rejecting the introduced antigen, 
the grafted cells may survive and react immunologically against 
the host. Instead of a normal transplantation reaction, the 
reverse will occur, that is the so called 'graft versus 
host reaction' (GVH) (Elkins, 1978). This situation is shown 
in fig. 6.1. , where immunologically competent cells from 
a parental strain animal are injected into an F.. hybrid 
animal. The injected cells are not rejected, but they may 
react against the recipient, because they recognize the 
recipient as a foreign antigen. In this model (P—•-F, ) a 
GVH reaction is possible. 
The GVH reaction can be systemic or local. A systemic GVH 
reaction can be assessed by a spleen weight assay (Simonsen, 
1962), or by a mortality assay (Elkins, 1971; Tigelaar and 
Asofsky, 1972). A local GVH reaction can be assayed by the 
popliteal lymphnode weight assay (Ford et al., 1970), by 
a kidney test (Elkins, 1964) or by a mixed lymphocyte reaction 
(Antczak et al . , 1979). 
Using kidney tests in rats, Elkins and Palms (1966) demonstrated, 
that GVH reactions did not occur in RT1 identical combinations . 
However, by the more sensitive popliteal lymphnode weight 
assay, Ford et al. (1970) could induce GVH reactions in 
cases of RT1 identity, but the total amount of lymphoid 
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cells to be injected in order to produce the same lymphnode 
enlargement, was about 100 times higher than that needed 
for the RT1 incompatible combinations. In the former cases, 
GVH reactions were induced across minor histocompatibility 
barriers. 
The GVH reaction may provoke the development of a disease , 
clinically and histologically, characterized by necrotic 
lesions especially of the lymphoreticular tissues (lymphnodes 
and spleen) but also the gastro-intestinal tract, the liver 
and the skin (Lerner et al., 1974; Woodruff et al., 1976). 
VI.2. Role of the RTl system in graft rejection. 
VI.2.1. Skin grafts . 
Acute skin graft rejection always occurred in the case of 
exchange between RTl incompatible strains (Stark and Zeiss, 
1970). In cases of RTl identity it is possible that the 
influence of minor RTl loci is so strong that acute rejection 
can take place (Stark and Zeiss, 1970). Skin graft exchanges 
between members of strains that differ for minor RT systems are 
usually chronically rejected (Kren et al., 1973). 
VI.2.2. Organ grafts. 
VI.2.2.1. General. 
In small laboratory animals primarily vascularized kidney, 
heart and liver grafting can be performed routinely since 
microvascular surgical technigues, primarily introduced by 
Fisher and Lee (1965) has progressed enormously (Abbot 
et al., 1964; Lee and Edgington, 1966; Ono and Lindsey 
1969). Kidneys transplanted to normal recipients (i.e. non-
immunized recipients), are usually acutely rejected when 
grafted across major transplantation barriers. RTl compatibility 
leads to long term or permanent survival (Bildstfe et al., 
1970). Grafts of the same genotype, but of different tissues 
show disparate survival in the same recipient, or in recipients 
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belonging to the same inbred strain. It was demonstrated that 
kidney and heart grafts from F- or backcross hybrids survived 
in parental strain animals, whereas their skin was rejected, 
when they were RT1 compatible (Bildsçfe et al., 1970). 
Different tissues and organs can vary m their susceptibility 
to rejection or acceptance and this, too, may be genetically 
defined (Günther and Stark, 1977). Tolerance and enhancement 
phenomena are thought to play a role in this reaction, but the 
mechanisms are not completely understood (White, 1973; Günther 
and Stark, 1977). 
VI.2. 2. 2. Small bowel. 
When short segments of canine small bowel are grafted into 
unmodified, unrelated dogs, they are normally rejected (Barnet 
et al., 1962). In contrast, after allotransplantation of 
the entire small bowel, into unmodified and immunologically 
competent dogs a vigorous GVH reaction is an inevitable 
complication (Lillehei et al., 1963b, 1959b, 1962, and 1963a). 
When the size of the transplant and thus the amount of donor 
lymphoid tissues was reduced, a partial solution to the 
problem of preventing a GVH reaction was achieved (Lillehei 
et al., 1962, 1963a, and 1963b). 
The work of Monchik and Russell (1971) allowed the study 
of small bowel transplantation in rats exhibiting well-
characterized histocompatibility differences. However, these 
authors grafted the small bowel as an auxiliary organ, 
with the recipient's own small bowel remaining m situ. 
This procedure includes the risk of an altered immunological 
reaction, probably, as compared with a functional position 
of the graft, as the function of the graft is not used. 
In their allograft model (between BN an L rat strain animals, 
as a potential two-way reaction model), Monchik and Russell 
found no evidence of GVH reactions, but only HVG reactions. 
The BN and the L rat strains differ at least at 14 to 16 
histocompatibility loci (Billingham et al., 1962) and these 
differences have been shown to be of importance 
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for the GVH response (Elkins and Palm, 1966). In contrast, 
in the P—•• F1 model ( L—«-(LxBN)F ) Monchik and Russell 
found no evidence of rejection (HVG), but GVH responses 
in ten out of ten cases. The nine technically successful 
isogeneic donor-recipient auxiliary heterotopic small bowel 
transplants showed no signs of an immune reaction. Surviving 
animals were in good condition 100 days after transplantation. 
In an attempt to extend the survival of rat intestinal allo­
grafts, in the F.—*- Ρ model ((Lx BN) F.—»- L), Telford and 
Corry (1978) admimstred enhancing serum on alternate days. 
However, a prolongation of survival for only a few days 
could be observed. Neither irradiation of the graft, nor 
a single injection of antiserum had any influence on graft 
survival. In this context, it is of interest that according 
to Monchik and Russell (1971) in the reverse model (P—»- F. ) , 
irradiation of the graft could extend the survival time 
to more than 100 days, while without irradiation the survival 
time was only about 17 days. Monchik and Russell used the 
same strains of rats as studied by Telford's group but they 
grafted the entire small bowel, while Telford grafted only 
about half of the small bowel . In a potential two-way reaction 
model of small bowel grafting ( Wag/Rij —•• BN ) Kort et al. (1973) 
found signs of graft rejection only, and no signs of GVH reaction. 
VI.3. Conclusions and remarks. 
Transplantation of the small bowel in rats offers possibilities 
of controlling strength of GVH and HVG reactions. By combination 
of the various inbred rat strains, practically all ranges 
of compatibility and incompatibility can be created. Even 
one way reactions are easy to establish using F. hybrids 
and their parental strains, either as donor or recipient. 
Together with the grafted small bowel, a large number of 
'passenger leukocytes' (Snell, 1957) are transplanted. 
These passenger leukocytes comprise of various types of 
nucleated blood cells, and lymphocytes of the Peyer's 
patches, mesenteric lymphnodes and connective tissue. 
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Passenger leukocytes may cause central sensitization (Snell, 
1957) while lymphocytes are able to induce a GVH reaction. 
The induction of this reaction depends on the number of 
grafted lymphocytes and on the antigeneic disparity between 
donor and recipient (Kren et al., 1970). 
Modification of immunological reactivity, of either the 
recipient or the antigeneic strength of the graft, may cause 
acceptance of the allograft, without impairment of the recipient's 
health, when GVH and HVG stimuli are equally matched. However, 
in rats, numerous problems have still to be studied in order 
to clarify the underlying mechanisms of the various types 
of GVH and HVG reactions, and the graft acceptance either 
by cellular competition or tolerance phenomena. 
****** 
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-CHAPTER VII-
"Nothing is great but the inexhaustible wealth 
of nature". (Ralph Waldo Emerson, 'Resources') 
TRANSPLANTATION OF THE SMALL BOHEL IN THE WISTAR RAT. 
Technical and immunological considerations. 
VII.l. Introduction. 
The Wistar rat, as bred in closed colony by the TNO laboratories 
(Zeist, The Netherlands) usually rejects skin grafts of members 
of the same strain, but only occasionally the transplanted 
liver and the kidney (Jerusalem and Jap, 1977). This strain 
has not only been shown to be suitable in transplantation 
research but also in the study and evaluation of technical 
problems. Many facets of transplantation reactions can be 
studied in this animal, since the Wistar rat shows a whole 
range of possible transplantation reactions, due to variations 
at the MHS and at minor loci. 
In order to evaluate the postoperative course and to analyse 
the variety of possible transplantation reactions, 20 small 
bowel transplantations in male adult Wistar rats were performed 
m the present study. This investigation does not deal with 
modifications of the immune response (e.g. by immunosuppression) 
nor with influencing the antigeneic strength (e.g. by donor 
irradiation). 
VII.2. Material and methods. 
Three months old adult male outbred Wistar rats were used. 
The mean body weight was 298 g (- 32 SD). The animals were 
starved the night before operation but water was allowed 
ad libitum. 
VII.2.1. Anesthesia. 
Anesthesia was performed with the aid of the semiclosed 
ether inhalation apparatus, described in chapter 1 (§ 1.4.) 
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VII.2.2. Operation technique and preservation method of the graft. 
Donor and recipient were operated according to the techniques de-
scribed in Ch.II (§ II.3.3.2. and § II.3.3.3. ) . Preservation 
of the graft was carried out as described in chapter 5 
( § V.2.8.2.). 
VII.2.3. Postoperative care. 
Immediately after transplantation, the recipients were kept 
for about 16 hours in single cages fitted with a heating 
lamp. Water and standard food were allowed ad libitum. After 
about 16 hours, the animals were able to maintain their 
own body temperatures. At that moment, they were placed into 
cages together with three other rats. 
VII.2.4. Antibiotics. 
All recipients received daily penicillin 20.000 IU and strepto-
mycin 20 mg for two days, starting immediately before operation, 
VII.2.5. Biopsy of small intestinal grafts. 
At the end of the cold ischemic period, just before revasculari-
sation, a biopsy was taken from the distal end of the graft. 
About 5 mm of the graft was removed and fixed in 4% buffered 
formalin. About 15 to 30 minutes after revascularisation, 
another biopsy was taken. At various days after the operation, 
several rats were subjected to laparotomy and additional 
biopsies were obtained from the grafts. Again, a 5 mm segment 
of bowel was resected (at the terminal end), after which 
an intestinal anastomosis was performed, single layered 
knit, in an everting fashion. All specimens were fixed in 
4% buffered formalin and stained with hematoxylin and eosin, 
methyl green pyronin, PAS and Goldner stains. 
VII.2.6. Postoperative course. 
Evaluation of the postoperative course was done by daily 
weighing and in several rats by biochemical determinations 
of Hb, Ht, and albumin. Every day, gross examination of 
the stools was done and signs of a GVH reaction noted. 
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In cases of severe emaciation the animal was sacrificed 
and autopsy performed. Macroscopic examination was carried 
out and biopsy specimens for microscopic evaluation were 
harvested. Following spontaneous death, autopsy was performed 
as soon as possible and biopsy specimens were taken for 
histopathological examination. During the postoperative 
periods of four animals, biopsy specimens from the grafted 
small bowel were taken at laparotomy. 
VII.3. Results. 
VII.3.1. Technical aspects. 
During surgery, none of the animals described in this study 
died of technical complications, such as persistent hemorrhage 
from a vessel anastomosis, ischemia or congestion of the 
graft resulting from a narrow vascular anastomosis. The 
patency of the arterial anastomosis was tested by the 
"uplift test" under high power optical magnification (Acland, 
1980). The venous anastomosis was assessed by the observation 
of whirling of the mesenteric light blood into the dark 
blood of the cavai vein, seen through the thin wall of that 
vein. Congestion of the graft, indicative of an outflow 
obstruction, was not seen. 
Several early deaths were ascribed to technical failures. 
(Death within 48 hours of surgery.) 
Rat 45. This animal died within 24 hours of surgery, after 
a short period of shock. At autopsy, the vessel anastomoses 
were patent and hemorrhage was notably absent. The graft 
was pale and edematous but tone was good. The lumen of the 
bowel was filled with tough yellow mucus, as often seen 
in cases of improper small bowel preservation (see § V.2.3.3.). 
Since the terminal part of the graft had not darkened (sug-
gesting inadequate tissue perfusion; see § V.2.7.3.), the most 
obvious cause was improper preservation. Histopathological 
examination was not performed. 
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Rat 57. This animal also died within 24 hours of surgery 
after a brief period of shock. At autopsy, the same macros-
copic findings were seen as described for rat 45. In this 
case, the cause of death, too, may have been due to inadequate 
preservation. Histopathological examination revealed capillary 
changes suggestive of an early ischemic lesion. The biopsy 
taken just prior to revascularisation revealed disintegration 
of the tops of the villi, associated with massive secretion 
of mucus (fig. 7.1). Thirty minutes after revascularisation, 
the disintegration of the mucosal architecture had progressed. 
The tops of the villi were not only distinctly swollen because 
of interstitial edema, but the capillary lining was lost 
because of ischemia. Furthermore, the capillaries of the 
lamina propria were congested (fig. 7.2). Histopathological 
examination of autopsy specimens showed that the mucosal 
architecture was totally disorganised (fig. 7.3). The sub-
mucosal capillaries were markedly congested and the vessels 
of the villi contained no blood. This suggested that the 
villi were not being perfused. 
Rat 60. On the second day after transplantation, this animal 
was sacrificed because of its poor condition. At autopsy, 
no hemorrhage was found and the vessel anastomoses were 
patent on gross inspection. The graft was pale, edematous 
and had a thick yellow mucus inside the lumen. Histopathological 
examination revealed ischemic necrosis of the grafted small 
bowel. The capillaries of the liver, spleen, and thymus 
contained many bacteria, suggesting that the primary cause 
of death was probably due to septicemia secondary to an 
infected vascular thrombus. 
The three technical failures in this group of 20 rats give 
a fifteen percent 'early mortality rate'. 
The mean ischemic time of all grafts was 38 min. (- 9 SD), 
(tab. 7.5). In two animals the ischemic time was 60 minutes 
(rats 44 and 54) and m all other rats it was shorter. 
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Fig. 7. t. Small bowel biopsy of 
rat 57, prior to revascularisation. 
Thirty minutes of ischemia. 
Disintegration of the tops of 
the villi. (PAS: xlOO). 
$Ш • -' .•-•*•,*,· 
Fig. 7.2. Small bowel biopsy of rat 57, thirty minutes after revascularisation 
Further disintegration of the tops of the villi, which are swollen because 
of interstitial edema. There appears to be no perfusion of the capillaries 
of the villi, although the capillaries of the lamina propria are congested. 
(Goldner: xlOO). 
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Figr. 7.3. Small bowel biopsy of rat 57, at autopsy. This animal died in 
shock within 24 hours of subtotal small bowel transplantation. Total 
disintegration of the architecture of the small bowel, with capillary 
block m the submucosal plexus. (Goldner: χ 100). 
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VII.3.2. Clinical course. 
VII.3.2.1. General. 
The early postoperative course of the animals was inconspicious. 
The animals behaved normally and took water almost immediately 
after surgery. Most animals were alert, played with their 
companions, and ate standard chow pellets the day after 
operation. All rats had diarrhea. Within a week, the stools 
were almost normal. The mean duration of diarrhea was 5 
days (І 1 SD). 
Several animals developed red, edematous paws and ears (tab. 
7.5: rats 30, 54, 55 and 59). Simultaneously, they became 
lethargic and looked seriously ill. Although dermal phenomena 
disappeared within 24-48 hours after onset, the animals 
subsequently developed alopecia and in most instances their 
condition deteriorated. Three animals had recurrence of 
diarrhea. The described phenomena may be considered to be 
manifestations of a GVH reaction (Elkins, 1971). In other 
rats dermal phenomena were not found. Only shortly before 
death did these animals become lethargic. Five rats died 
after symptoms of shock (tab. 7.5: rats 45, 47, 57, 60 and 69). 
The mean survival time of the Wistar rat group is 13 days 
(- 5 SD). Four rats (45, 47, 57, 60 ) died from non-immunological 
causes and were excluded from the calculation of the mean 
survival time. In fig. 7.4 the survival times in this group 
a r e d e p i c t e d . Number of rats 
20 
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Rat n r . i s c h . time m i t . weight biopsy stools normal c l i n i c a l signs of alopecia death 
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Tab. 7 . 5 . Small bowel t r a n s p l a n t a t i o n in 20 Wistar r a t s 
(Wistar t o W i s t a r ) . No immunosuppress ion. Short term s imple 
hypothermic p r e s e r v a t i o n , wi th low p r e s s u r e f l u s h . ' S ' , behind 
t h e day of d e a t h means s a c r i f i c e d , (see * ) . For e x p l a n a t i o n of 
t h e f i n d i n g s a t au topsy and on h i s t o l o g i c a l e x a m i n a t i o n ( see * * ) , 
see t a b e l s 7 .14; 7 .15; 7.16 and 7 . 1 9 . For legend see t e x t . 
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al exam. histological signs of 
recip. GVH HVG 
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b -
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b - -
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In terminal stages, several animals were in such a poor 
condition that they had to be sacrificed. In tab. 7.5, 
these animals are marked with the capital 'S' just after 
the day of death. 
The clinical symptoms of shock were noticed in instances 
of non-immunologically caused deaths (rats 45, 47, 57 and 
60) and in one rat with an HVG reaction (rat 69). The main 
clinical finding at death in the other cases, was severe 
emaciation. 
The determinations of Hb, Ht and albumin revealed normal 
values until some days before death. At that time, a fall 
in albumin was found, with a rise in Hb and Ht. 
VII.3.2.2. Weight courses. 
The weight courses of rats which suffered from the same 
complications according to histological changes, are grouped 
together in diagrams 7.6 - 7.10. The changes in body weight 
are expressed as %-change (Δ%) in weight from preoperative 
values. 
Fig. 7.6. Body weight changes of rats that histologically 
had no signs of an immune reaction are shown in fig. 7.6. 
(Rats 40, 44 and 47). The body weight courses of rats 40 and 47 
show an initial fall in weight, followed by a plateau phase. 
The course of rat 44 shows a steady fall in weight. 
Fig. 7.6. Weight courses of 
Wistar rats that received a 
heterotopic functional small 
bowel transplantation. Histo­
logically no signs of HVG or 
GVH reaction. 
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Fig. 7.7 shows the weight courses of those rats that displayed 
pure rejection patterns on histological examination of 
autopsy specimens (rats 43, 46, 69, 74 and 76). In every 
case there is an initial small fall in weight, followed 
by a plateau level. The animals appeared healthy during 
this 'plateau' phase. Rat 69 suddenly died during this 
phase. The rest of the animals in this group, after various 
time intervals, showed a sudden decline in weights leading 
eventually to the deaths of the animals. 
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Fig . 7.7. Weight course of Vistar r a t s after small 
bowel transplantation. Histologically only signs of 
HVG reaction. 
Fig. 7.8 d e s c r i b e s t h e weight c o u r s e s of t h o s e r a t s t h a t 
had on h i s t o l o g i c a l e x a m i n a t i o n , equa l s i g n s of HVG and 
GVH r e a c t i o n s . These a n i m a l s showed t h e same weight c o u r s e s 
as t h o s e d e s c r i b e d in f i g . 7 . 7 . Again t h e r e i s an i n i t i a l 
f a l l in w e i g h t , fo l lowed by a ' p l a t e a u ' phase and a r a p i d 
d e c l i n e . This group of r a t s c o n s i s t s of t h r e e a n i m a l s : 
30, 38 and 4 1 . 
Days 
Fig. 7.8. Weight courses of Wistar rats after small 
bowel transplantation. Histologically equal signs of 
GVH reaction and GVH reaction. 
In f i g . 7 . 9 , t h e weight c o u r s e s of t h o s e r a t s t h a t s u f f e r e d 
from a GVH r e a c t i o n and an HVG r e a c t i o n a r e d e p i c t e d , bu t 
in t h e s e c a s e s the changes c h a r a c t e r i s t i c of a GVH r e a c t i o n 
were more pronounced ( r a t s 50, 55 and 5 9 ) . The body weight 
c o u r s e of r a t 54 i s d e p i c t e d , t o o . This animal d i s p l a y e d 
only a GVH r e a c t i o n on h i s t o l o g i c a l examina t ion of au topsy 
spec imens . The t e r m i n a l f a l l in weight seems to be more 
g r a d u a l . 
Fig. 7.9. Weight courses of Wistar rats after small 
bowel transplantation. Histologically predominantly 
signs of GVH reaction (rats 50, 55 and 59), or only 
signs of a GVH reaction (rat 54). 
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In fig. 7.10, the body weight courses of two rats (49 and 71! 
that showed signs of a GVH reaction and an HVG reaction on 
histological examination are depicted, but in these cases 
the changes characteristic of an HVG reaction were more 
pronounced. In both cases there is an initial fall in weight 
with a 'plateau phase'. Rat 71 died 7 days after trans-
plantation shortly after the 'plateau phase'. In rat 49 
a more gradual fall in weight was found after the 'plateau 
phase'. 
-20 
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Fig. 7.10. Body weight courses of two Wistar rats after 
small bowel transplantation. Histologically predominantly 
signs of an HVG reaction. 
VII.3.2.3. Results of the histopathological examination 
of the biopsy specimens. 
At the end of the cold ischemic period, just prior to the 
opening of the vessel clamp, a biopsy specimen was taken 
from the distal part of the ileum. In almost all instances, 
the preserved small bowel had a normal appearance except for 
occasional interstitial edema. About 15 to 30 minutes after 
opening the vessel clamp, another biopsy was taken, and 
this freguently exhibited slight intersticial edema. The 
space of Grunhagen, however, was not usually opened. 
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In f o u r r a t s , a b i o p s y of t h e s m a l l bowel was t a k e n a t 
l a p a r o t o m y , on v a r i o u s d a y s a f t e r t r a n s p l a n t a t i o n ( s e e t a b . 
7 . 5 ) . In r a t 30 on d a y 9; i n r a t s 40 and 59 on d a y 12 and 
i n r a t 71 on day 6 . In r a t s 30 and 59 b i o p s y s p e c i m e n s 
w e r e t a k e n when t h e y d e v e l o p e d r e d e d e m a t o u s paws and e a r s , 
p r o b a b l y a s s i g n s of a GVH r e a c t i o n . The two o t h e r r a t s 
u n d e r w e n t l a p a r o t o m y b e c a u s e t h e i r c l i n i c a l c o n d i t i o n d e t e r i -
o r a t e d s u d d e n l y a s j u d g e d from a f a l l i n body w e i g h t , t o o . 
H i s t o l o g i c a l l y , a l l s p e c i m e n s of t h e g r a f t s had an a l m o s t 
n o r m a l a p p e a r a n c e ( f i g . 7 . 1 1 ) , e x c e p t f o r d i l a t e d l y m p h a t i c s 
( f i g . 7 . 1 2 ) . I n f i l t r a t i o n by r o u n d - c e l l s was n o t a b l y a b s e n t 
and t h e n e c k c e l l s of t h e mucosa showed n u m e r o u s m i t o t i c 
f i g u r e s ( f i g . 7 . 1 3 ) s u g g e s t i n g t h a t t h e mucosa was h e a l t h y . 
Fig. 7.11. Small bowel transplantation in the Wistar rat. 
(Wistar to Wistar, rat nr. 30.). Clinical signs of a GVH 
reaction on day 9 after transplantation. On that day, a 
biopsy was taken at laparotomy. Histologically, an almost 
normal appearance, with no signs of rejection. Slight 
edema. Same picture as fig. 5.8. (Hematoxylin and eosin: x30Ì. 
1 4 6 
Fig. 7.12. Small bowel transplantation in the Wistar rat. 
(Wistar to Wistar, rat nr. 40.). Biopsy taken on day 12 
after transplantation at laparotomy. Clinically no signs 
of a GVH reaction. There was a sudden deterioration of 
clinical condition. Histological examination revealed no 
signs of rejection. Lymphatic congestion was the only 
abnormal finding. (PAS: x60). 
Fig. 7.13. Small bowel transplantation in the Wistar rat. 
(Wistar to Wistar, rat nr. 40.). Biopsy specimen of the 
graft on day 12 after transplantation. Mitotic figures 
of neck cells of the mucosa. (PAS: x450). 
VII.3.2.4. Macroscopic features of the grafted small bowels 
at autopsy. 
At autopsy, most grafts exhibited various degrees of macro-
scopically recognizable changes. The changes caused by 
autolysis must also be taken into account, since in many 
rats, autopsy could not be performed till several hours 
after death. In most instances, however, it was possible 
to recognize typical macroscopic changes. Four different 
patterns could be distinguished. These are described in 
tab. 7.14. The Roman numerals can be found again in tab. 7.5. 
Type 
I 
II 
III 
IV 
: normal appearance, apparently vital until death. 
(n = 10) . 
: pale, edematous appearance with a tough yellow, 
sometimes blood stained mucus within the lumen. 
Usually a feature of improper preservation. 
(n = 3). 
: ischemic necrosis. (n = 2). 
: hemorrhagic necrosis. (n = 5). 
Tab. 7.14. Macroscopic features of the grafts at autopsy. Twenty animals 
have been examined. The number of animals is represented m 
brackets. Features in Roman numerals. 
An almost normal appearance of the grafted small bowel was 
found in ten instances. There were usually few or no adhesions. 
The findings of the mesenteric lymphnodes of the grafts 
have not been listed in this table because they were related 
more to changes involving the recipient's organs and are 
described in tab. 7.15. 
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VII.3.2.5. Macroscopic findings of the recipient and the 
grafted mesentery at autopsy. 
The main features that characterized the changes of the 
recipient and the grafted mesentery are listed in tab. 7.15. 
Typ 
1) 
2) 
3) 
4) 
5) 
6) 
г 
No apparent changes of liver, spleen, and mesenteric 
lymphnodes of the graft. The thymus may be slightly 
enlarged. (n = 3). 
Vascular dehiscence. Thrombosis. Signs of peritonitis. 
(n = 3). 
Spleen slightly enlarged or normal. Mesenteric lymph-
nodes of the graft slightly enlarged. Liver unchanged. 
Thymus small. (n = 8). 
Spleen distinctly enlarged. Mesenteric lymphnodes 
of the graft greatly increased in size. Liver 
unchanged. Thymus involuted. (n = 3). 
Spleen shrunken. Mesenteric lymphnodes of the graft 
somewhat enlarged. Thymus disappeared. Liver 
unchanged. (n = 3). 
Liver distinctly enlarged with necrotic areas. 
Mesenteric lymphnodes of the graft greatly increased 
in size. Spleen usually enlarged. Thymus disappeared. 
(n = 0). 
Tab. 7.15. Macroscopic features of grafted mesentery and recipient 
organs at autopsy. In total twenty animais vere examined. 
Features in Arabic numerals, which can be found again in 
tab. 7.5. The number of animals is represented m brackets. 
In 8 instances, a slightly enlarged or normal spleen was 
found, in addition to slightly enlarged mesenteric lymphnodes 
of the graft. In these instances, the liver was normal 
and the thymus was small. In three animals the spleen was 
distinctly enlarged. The mesenteric lymphnodes of the recipient 
had almost totally disappeared in all cases. 
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VII.3.2.6. Histopathology of the graft. 
The main pathological features of the grafts, found on 
microscopic examination are listed in table 7.16. 
Type 
A) Normal bowel and normal mesenteric lymphnodes of 
the graft. (n = 0 ) . 
B) Normal bowel, but signs of peritonitis. 
(n = 0 ) . 
C) Normal bowel, but immunologically stimulated 
mesenteric lymphnodes of the graft. (n = 0). 
D) Ischemic necrosis of both bowel and mesenteric 
lymphnodes of the graft. (n = 5). 
E) Hemorrhagic necrosis of both small bowel and 
mesenteric lymphnodes of the graft. (n = 1). 
F) Normal appearance of the small bowel and almost 
normal appearance of the mesenteric lymphnodes 
and Peyer's patches, despite slight vascular changes 
in these nodes and patches, e.g. swelling of endo-
thelial cells and occasional pavement patterns, 
with sometimes basal vacuolization and vacuolar 
degeneration of endothelium. (n = 2). 
G) Normal bowel, but round-cell infiltration of the 
muscle layers. Severe vascular changes of mesenteric 
structures, lymphnodes and Peyer's patches, although 
unchanged architecture of these tissues. 
(n = 1). 
H) Round-cell infiltration of the small bowel with 
early vascular changes and superficial necrosis 
of epithelium. Loss of architecture of mesenteric 
lymphnodes and Peyer's patches with replacement of 
reticular structure by granulation tissue, (n = 6). 
I) Impending gangrene. Loss of villi of the bowel with 
replacement by granuation tissue. Sclerosis of 
mesenteric lymphnodes. (n = 4). 
Tab. 7.16. The main histopathological features of the grafts. 
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In tab. 7.16., the main histopathological changes of the 
mesenteric lymphnodes of the grafts are compared to the 
changes of the grafted small bowels. In total 19 animals 
were examined. The main pathological features are listed 
in block capitals and can be found again in table 7.5. 
The number of animals with the same reaction patterns is 
described in brackets. Reaction patterns А, В and С are 
not seen in this group of Wistar rats. These features have 
been listed in this schedule to allow comparison with other 
groups, described in chapter 8. 
Reaction pattern H was found 6 times. The main changes 
were round-cell infiltration of the interstices of the 
small bowel, especially around medium sized blood vessels 
('cuffing pattern', see fig. 7.17.). The most pronounced 
round-cell infiltration was found in the mesentery and 
to a lesser degree in the muscle layers of the small bowel, 
while almost no infiltration was found of the mucosa. 
The rejection phenomena, found in the Peyer's patches and 
in the mesenteric lymphnodes were in a more advanced state 
than in the mucosa of the bowel, as judged from the loss 
of lymphoreticular architecture and the subsequent replacement 
by non specific granulation tissue (fig. 7.18.). 
Fig. 7.17. Cuffing pattern around 
mesenteric vessels m Wistar-to-
Wistar rat small bowel transplan­
tation (rat 43), eight days after 
transplantation. Histological 
examination revealed a mixed 
humoral and cellular transplan­
tation reaction, Severe atrophy 
of the mucosa of the graft. 
(Autopsy specimen, spontaneous 
death; PAS: хбО). 
% 
:•· • 
л^Г^ /Ч 
• ' • • -
• · » 
Fig. 7.18. Wistar-to-Wistar rat small bowel transplantation (rat nr. 43). 
The animal succumbed eight days after transplantation. Mixed transplan­
tation reaction. Complete destruction of lymphoreticular tissue of 
the mesenteric lymphnodes of the graft. (Hematoxylin and eosm: ХІ50). 
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VII.3.2.7. Histopathological features of the recipient's organs. 
The various combinations of the histopathological changes 
recognized in the recipient have been listed in table 7.19. 
Type 
a) Normal appearance of thymus, spleen, parathymic 
lymphnode and liver. (n = 0). 
b) Accidental involution of the thymus. Loss of follicles 
(B-lymphocytes) of lymphnodes, and spleen, with promi-
nent Pen-Arteriolar-Lymphatic-Sheath (PALS), 
(thymus-dependant area). (n = 4). 
c) Proliferative reaction in parathymic lymphnode and 
spleen. Normal liver. (n = 4). 
d) Vascular changes of parathymic lymphnode and spleen, 
(e.g. swelling of endothelial cells and occasional 
pavement patterns; sometimes vacuolization.) 
Accidental thymus involution. Normal liver, (n = 2). 
e) Spleen slightly enlarged with vascular changes and loss 
of follicles. PALS less prominent with increase in 
reticular cells. Parathymic lymphnode demonstrates 
distinct vascular changes with loss of follicles. 
Normal liver. Atrophy of thymus. (n = 1). 
f) Shrunken spleen, with loss of lymphatic tissue and 
preponderance of reticular tissue. In the liver, focal 
necrosis and periportal infiltration with round-cells. 
Atrophy of thymus. Loss of lymphatic tissue of 
parathymic lymphnode. (n = 3). 
g) Spleen enlarged with loss of lymphatic tissue and 
architecture and increase of reticular tissue. Round-
cell infiltration of liver. Patchy necrosis. Thymus 
disappeared. Parathymic lymphnode: loss of lymphatic 
tissues. (n = 3). 
h) Necrosis of liver. Severe round-cell infiltration of 
duodenum. Spleen and parathymic lymphnode exhibit 
severe sclerosis. (n = 1). 
Tab. 7.19. Histopathological features of the recipient 's organs. 
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In tab. 7.19 the histopathological reaction patterns have 
been characterized with normal letters. They will be found 
again in tab. 7.5. In total 18 animals were examined. The 
number of animals with the same reaction patterns are described 
in brackets. Reaction pattern 'a' is not found in this 
group of Wistar rats. This pattern was enlisted in order 
to allow a comparison with the results described in chapter 8. 
Reaction pattern 'd' up to and including 'h' may be considered 
as demonstrations of a GVH reaction (see figures 7.20-7.22). 
A frequent feature is the high incidence of mucocele formation 
at the side of the small bowel anastomoses. In some instances 
the mucocele was infected. The everting fashion of the 
anastomoses is possibly prone to the formation of mucoceles 
(fig. 7.23). 
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Fig. 7.20. Liver. Portal perivascular accumulation of round cells charac-
teristic of a GVH reaction. Small bowel transplantation, Wistar-to-Wistar 
rat nr. 50. Clinically, no signs of a GVH reaction. On the fifteenth day 
after transplantation, the animal was sacrificed because of severe emaciation. 
(Autopsy specimen: hematoxylin and eosm: x250). 
Fig. 7.21. Parathymic lymphnode of recipient (rat nr. 59). Immunological 
destruction of lymphatic tissue. Microthrombi m postcapillary venule (arrow). 
Wistar-to-Wistar rat small bowel transplantation. The animal died fifteen 
days after transplantation. (Autopsy specimen; PAS: x40). 
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Fig. 7.22. Spleen. Total fibrosis characteristic of GVH reaction. Small 
bowel transplantation Wistar-to-Wistar rat nr. 43. The animal died eight 
days after transplantation. Clinically no signs of a GVH reaction. 
(Autopsy specimen; Coldner : ХІ50)'. 
! 1 
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Fig. 7.23. Formation of a mucocele at the anastomotic side of the small 
bowel, in a case of small bowel transplantation (Wistar-to-Wistar rat 
nr. 71). This animal died on the seventh day after transplantation. On 
histological examination, signs of both a GVH reaction, and an HVG reaction 
were found. (Autopsy specimen; PAS: x30). 
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V I I . 4 . C o n c l u s i o n s and r e m a r k s . 
VII.4.1. Technical considerations. 
The operative mortality rate (within 48 hours of surgery) 
is 15% in this series of 20 Wistar rats. This is comparable 
to other primarily vascularized organ grafts in this animal. 
In kidney transplantation, Lee reported a 15% mortality 
rate (Lee, 1967), in heart transplantation 30% was reported 
(Abbot et al., 1964), in liver transplantation 61% (Lee 
and Edgington, 1966). In small bowel transplantation in 
the rat, Monchik and Russell reported 20%, whereas Kort 
et al. (1973) reported 32,5% mortality rate. 
The preservation technique used in this study, appears 
to be suitable for only short-term preservation. Until 
now, preservation of the small bowel has generally been 
unsuccessful. Methods of short-term preservation mentioned 
in the literature have been shown to give inconsistent 
results. Hypothermic storage techniques appear to be less 
satisfactory than hypothermic pulsatile perfusion techniques 
(Toledo-Pereyra, 1981). Furthermore, there are differences 
in species. As demonstrated in this study, the ischemic 
tolerance time of the rat small bowel is very short, even 
under hypothermic conditions, when compared to the dog, 
where the ischemic tolerance time of the small bowel is 
longer (Lillehei et al., 1959a). 
In only one rat (44), the graft underwent hemorrhagic necrosis 
secondary to thrombosis of the medium sized mesenteric 
vessels. This animal, however, showed no signs of a GVH 
or an HVG reaction and so the cause of this thrombosis 
remains obscure. At autopsy, the vessel anastomoses were 
patent, suggesting that the mesentery was at least partly 
perfused. Perhaps thrombosis was due to intraoperative 
damage of the mesentery. 
157 
One rat (47) died after a short period of shock, on the fifth 
day after transplantation, because of thrombosis of the arterial 
anastomosis. The cause of thrombosis was a purulent infection 
of stitch channels at the arterial anastomosis with partial 
necrosis of the arterial wall. The primary change was perito-
nitis resulting from dehiscense of the distal small bowel 
anastomosis. 
One rat (40) exhibited a sudden deterioration in clinical 
condition and a slight fall in body weight. A small bowel 
biopsy was taken at laparotomy. During laparotomy no abnormal 
findings were done. Histological examination of the whole 
segment biopsy revealed an almost normal aspect, with some 
lymphatic congestion. Two days later the animal died. At 
autopsy the graft exhibited signs of hemorrhagic necrosis. 
Histologically, this was also found, although the cause of 
the necrosis was not clear. There were no indications for 
the existence of an immune reaction. Thus, the reason for 
the necrosis remains obscure. 
In twelve rats (out of 19 examined) microscopic examination 
of the grafts revealed a mucocele at the anastomotic site. 
Indications of infections were found in five of these cases. 
The formation of the mucocele is suggested to result from 
the method of performing the small bowel anastomoses. The 
mucosa is everted and is covered by a fibrous membrane while 
the various secretory cells continue to produce mucus and 
serous components. Subseguently a cyst develops which gradually 
enlarges. Bacteria from the bowel give rise to infection 
of the cyst. 
No kinking or thrombosis of the venous anastomoses was found, 
indicating that the method establishing a mesocaval shunt 
(as used in this study) is safer than an anastomosis between 
the portal vein of the recipient with the mesenteric vein 
of the graft, as recommended by Kort et al. (19/3). This 
may explain the higher mortality rate of 32,5% reported by 
these authors, compared to a 15% mortality rate in our studies. 
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Three rats in this study died within 48 hours of surgery, 
after the onset of fatal shock (rats 45, 57, and 60). 
In at least two of these rats (45 and 57), it was thought 
that improper small bowel preservation had caused death, 
probably because of a too high perfusion pressure during 
the flush procedure. Hemorrhagic infarction of the distal 
part of the ileum was notably absent, suggesting that reduction 
of the vascular bed of the graft (as recommended in § V.2. 7.4.). 
had allowed adequate perfusion of the graft after re-establishing 
the circulation. In rat 60, it is likely that the primary 
cause of death was due to septicemia secondary to an infected 
vascular thrombus, although improper small bowel preservation 
cannot be excluded with certainty. 
VII.4.2. Clinical course. 
Initially, the animals suffered from diarrhea, but the 
stools were almost normal within one week of transplantation. 
The early decrease in body weight stabilized at this time. Subse-
quently increase in weight was found, indicating that the grafted 
small bowel had begun to function normally. Metabolic studies 
would be necessary, however, to determine the functional 
capacity of the graft. Determinations of Hb, Ht and albumin 
were always normal till shortly before death, suggesting 
that the mucosa of the graft was not severely damaged in 
the early period of deterioration. 
The second sudden fall in body weight, which led, sooner 
or later, to death of the animal, is probably indicative 
of an ongoing immune reaction. Whether this concerns a 
GVH reaction or an HVG reaction, as proved by histological 
examination, cannot be said. 
In rats 30 and 59, on days 9 and 12 respectively, GVH reactions 
were suspected from the presence of red and edematous paws 
and ears. On these respective days, the body weights started 
to fall (see figures 7.8 and 7.9). Whole segment biopsies 
obtained on the same days at laparotomy revealed no signs 
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of rejection. However, histological examination of biopsy 
specimens obtained at autopsy 4 and 3 days later, respectively, 
from these rats, showed signs of both GVH and HVG reactions. 
These findings suggest that microscopic examination of 
whole segment biopsies of the grafted small bowel, in the 
early phase of rejection, is not a worthwhile procedure 
to detect early rejection. 
Stauffer (1975) worked on a special transplantation model 
of segmental small bowel transplantation in the minipig. 
This model was surveyed by daily inspection of the cutaneous 
enterostomies of the graft and further by daily sequential 
mucosal biopsies (Stauffer et al., 1975). A quantitative 
morphometric analysis was performed on the biopsy specimens 
to detect 'early rejection'. In this system, too, it was 
impossible to determine precisely incipient rejection. 
From the present studies W Q have to conclude that the rejection 
of the mucosa of the graft is a symptom of late rejection 
and not of 'early rejection'. As was found on microscopic 
examination of the grafts ( § VII.3.2.6.) , the rejection 
of the 'deeper structures' of the graft, such as the mesen-
teric lymphnodes, appears to start earlier (probably several 
days) than the rejection of the mucosa of the small bowel. 
These findings suggest that it is impossible to detect 
'early rejection' of the grafted small bowel by histological 
examination of mucosal biopsies. 
In the case of a GVH reaction, even if it occurs secondary 
to segmental small bowel transplantation, neither biopsies 
of the cutaneous enterostomies nor enteroscopically obtained 
graft specimens are suitable for evaluating impending patho-
logical events. 
From the present study, it would appear that the determination 
of body weight courses provides a more reliable and an 
easily performed test for the 'early detection' of possible 
immunological reactions in small bowel transplantation in the rat. 
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-CHAPTER VIII-
TRANSPLANTATION OF THE SMALL BOWEL IN TWO IMMUNOGENETICALLY 
DEFINED RAT STRAIN COMBINATIONS. 
A) The isogeneic model ACI—^ ACI. 
The model Ρ—»-F- for unidirect 
reactions, in BN—«-(Wag/Rij x BN)F 
В) . ional GVH 
VIII.1. Introduction. 
The great advantage of using the modern outbred Wistar albino 
rat in the experimental laboratory is that many of the variabl 
which can influence the result of an experiment can be con­
trolled. The animal lives in a regulated environment, it 
is protected from diseases and is fed with a standard pelleted 
diet. In addition, the animal possesses a vigour which renders 
it very suitable for experimental situations. Its genetic 
make up is variable, though often with only small differences. 
In contrast, inbred rats exhibit a high degree of isogenicity. 
All individuals within an inbred strain should be genetically 
identical (apart from residual segregation due to the impossi­
bility of achieving fully inbred strains) (Testing, 1979a). 
For experiments involving immunological studies , such as 
transplantation surgery, the use of inbred strains is indis­
pensable in order to obtain reproducable reaction patterns 
due to invariable donor-recipient antigeneic disparity. 
There is one great disadvantage to the use of inbred strains; 
the vigour of these animals is very low (Festing, 1979b). 
This was one of the reasons for selecting the outbred Wistar 
rat for studies on preservation and technigues for trans­
plantation of the small bowel. As all individuals of an 
inbred rat strain are genetically identical , no immunological 
reaction should occur following a small bowel isotransplantati 
Therefore, in this model the behaviour of rats can be studied, 
and the function evaluated. The function of the graft is 
reflected in the clinical course and the change in weights 
of the rats . 
In the model ACI—•- ACI, rejection of the graft should not 
occur. In the model Ρ—»-F. the recipient is unable to recog­
nize parental tissue as 'foreign', and allograft rejection 
will be absent, as pointed out in fig. 6.1, allowing the 
unidirectional GVH reaction in this model to be studied. 
In chapter 7 it is described that transplantation of the 
small bowel between immunological fully competent animals 
results in a high percentage of GVH reactions , as well as 
HVG reactions . The combination of both reactions made it 
very difficult to analyse the GVH reaction per se. For this 
reason an experimental study with the model Ρ—»-F. was set 
up. Clinical results were supplemented by histological 
investigations . 
VIII.2. Materials and Methods. 
VIII.2.1. Introduction. 
Small bowel t r a n s p l a n t a t i o n ( §11.3.3.2. and §11.3.3.3. ) was performed 
in 6 male ACI rats. Both donors and recipients were male adult 
ACI rats , aged about 6 months . This group of rats formed 
the isogeneic group. 
The Ρ—»-F, group consisted of 9 F. hybrid recipients 
(Wag/Rij χ BN). These rats, too, were male adults aged about 
6 months, and received small bowel transplants from male 
adult BN donor rats of the same age. 
VIII.2.2. RT1 antigens. 
The haplotypes of the major histocompatibility system (RT1 ) 
of the different strains have been assigned for the ACI 
strain (RTla) and the BN strain (RTln)(Gill III, 1978). 
According to Stark et al. (1969, 1971) and Gill III (1979), 
the haplotype of the Wag/Rij strain has to be called RTl^ . 
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Vili.2.3. Antibiotics. 
All recipients received penicillin 20,000 IU and streptomycin 
20 mg Ι.M. daily for two days (prophylactically ) , the first 
dose being given at the time of the operation. 
VII.2.4. Biopsy of the small bowel grafts. 
Immediately before restoration of the circulation, at the 
end of the cold ischemic period, a biopsy specimen was taken 
from the distal end of the graft. A segment of about 5 mm 
was removed and fixed in 4% buffered formalin. Again, 15 
to 30 minutes after revascularisation another biopsy specimen 
was obtained. 
VIII.2.5. Postoperative course. 
The postoperative course was evaluated by daily body weight 
determinations, evaluation of the clinical status and by 
gross examination of the stools. Clinical signs of a GVH 
reaction were noted. In some rats, at various days after 
the transplantation, small bowel biopsy specimens were taken 
at laparotomy. In cases of death autopsy was performed as 
soon as possible, with gross examination and histopathological 
examination of various organs . 
VIII.2.6. Biochemical determinations. 
Biochemical determinations of Hb, Ht, and albumin were performed 
in most rats at various days after transplantation. 
V I I I . 3. R E S U L T S . 
VIII.3.1. Technical aspects. 
None of the animals died during surgery or in the immediate 
postoperative period. In the first group (the isogeneic group) 
apnea and cardiac arrest often occurred during anesthesia. 
In all instances it was possible to manage these events 
successfully with artificial respiration and cardiac massage. 
Probably the ACI rat is not as suitable for this kind of 
experiment as the Wistar rat. In addition, the ACI rats 
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had respiratory problems caused by bronchial secretions 
during the first minutes of anesthesia. One rat of the second 
group (the unidirectional GVH reaction group), died within 
48 hours of surgery (rat 64). A short period of shock preceded 
death . At autopsy a volvulus was found , with an internal 
hernia in the proximal part of the small bowel. The vessels 
in the mesentery to the segment of the small bowel were 
strangulated. The vascular anastomoses were patent. Histo-
logical examination revealed ischemic necrosis of the damaged 
part of the small bowel. As in severe endotoxic shock, almost 
complete necrosis of the thymus was a prominent histopatho-
logical finding. If failure of rat 64 is considered to be 
due to technical problems , the primary mortality rate of both 
groups is 7 per cent. 
In the late postoperative period (after 48 hours), three 
animals of the isogeneic group (nrs. 42, 72, 77) died of 
complications. 
Rat 42 had to be sacrificed on the thirteenth day after 
transplantation. This animal became gradually emaciated 
and finally refused to eat. At autopsy the grafted small 
bowel was noted to be normal except for adhesions . The 
mesenteric lymphnodes of the graft were not enlarged and 
no abnormalities were found in the spleen or the liver. 
The vascular anastomoses were patent. From some hyperemic 
spots on the small bowel it was suggested that a low grade 
peritonitis was responsible for the bad clinical condition. 
E.Coli and Pseudomonas were cultured from the fluid in 
the abdominal cavity. Histopathological changes, too, suggested 
the general deterioration in the condition of the animal 
to be caused by bacterial infection. Histological examination 
revealed no signs of an immunological rejection episode. 
The middle portion of the graft was in relatively good condition, 
but at both anastomoses several mucoceles had developed. At 
least one mucocele was infected (suppurating mucocele). In 
the distal anastomosis the graft still exhibited crypt-like 
structures, while the wall of the small bowel was entirely 
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replaced by granulation tissue. The epithelium was absent 
and the former glands and the mucus were densely overgrown 
with bacterial colonies. 
Rat 72 died on the fith day after transplantation. Just 
prior to death the animal was handled after which it suddenly 
became shocked and died. At autopsy, much blood was found in 
the peritoneal cavity caused by a ruptured aneurysm of the 
arterial anastomosis. The graft exhibited the picture of 
ischemic necrosis and no abnormalities were found in the 
other organs. Histological examination revealed early ischemic 
necrosis of the graft. In the vessels of the mesentery, 
however, endothelial lesions were obvious. Moreover, the 
mesentery was slightly infiltrated by lymphocytes, suggesting 
that the aneurysm developed following an immune-reaction. 
Rat 77, also an ACI rat, died on the sixth day after the 
transplantation under similar circumstances. After being 
weighed, the rat suddenly became shocked and died. At autopsy 
similar findings were made as in rat 72; i.e. bleeding caused 
by a ruptured aneurysm of the arterial anastomosis. Histo-
logical examination revealed an infected mucocele of the 
distal bowel anastomosis. The graft itself exhibited the 
picture of early ischemic necrosis, without indications 
of an immune-reaction. 
Rat nr. isch. time init. weight biopsy stools normal clinical signs of alopecia death 
(min.) (g) (day) (day) GVH (day) (day) 
42 
53 
66 
68 
72 
77 
49 
48 
35 
32 
35 
35 
309 
278 
242 
232 
241 
264 
-
3 0 , 2 2 4 
9 
7 
-
_ 
5 
5 
4 
5 
-
5 
13 S* 
+ 500 
+ 500 S 
+ 500 
5 
6 
Tab. 8.1. Small bowel transplantation in an isogeneic group of 
rats. Donors and recipients were male adult ACI rats. Short 
term simple hypothermic preservation, with low pressure flush. 
'S', behind the day of death means 'sacrificed', (see * ) . 
For explanation of the findings at autopsy and on histological 
examination (see * * ) , see tabels 7.14; 7.15; 7.16 and 7.19. 
Rat nr. isch. timp init. weight biopsy stools normal clinical signs of alopecia death 
(min.) (g) (day) (day) GVH (day) (day) 
63 
64 
65 
70 
73 
75 
78 
79 
80 
60 
30 
25 
35 
35 
35 
35 
35 
30 
405 
385 
382 
432 
418 
438 
427 
392 
381 
8,12 
-
-
10 
4 
-
-
-
180 
5 
-
4 
5 
5 
-
5 
5 
4 
+ 
-
-
+ 
+ 
-
-
-
_ 
8 
-
-
15 
10 
-
-
-
_ 
+ 
-
-
+ 
+ 
-
-
-
_ 
14 S 
< 48 hr 
9 
20 
14 S 
5 
6 
13 s 
500 S 
Tab. 8.2. Small bowel transplantation in the model Ρ—>• F. . 
Donors were male adult BN rats; recipients were male adult 
(Wag/Rij χ BN)F1 rats. No immunosuppression. 'S', behind the 
day of death means 'sacrificed', (see * ) . For explanation 
of the findings at autopsy and on histological examination 
(see * * ) , see tabels 7.14; 7.15; 7.16 and 7.19. 
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Rat пг. 
42 
53 
66 
68 
72 
77 
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+ 
-
-
-
-
_ 
tion aut 
graft 
I 
I 
I 
I 
III 
I 
:opsy 
recip. 
2 
1 
1 
1 
2 
2 
histological exam. 
graft 
В 
A 
D 
D 
** 
recip. 
b 
a 
b 
b 
histological signs of 
** 
GVH HVG 
-
-
+ 
_ _ 
Hat n r . shock e m a c i a t i o n 
63 
64 
65 
70 
73 
75 
78 
79 
80 
-
+ 
-
-
-
+ 
+ 
-
_ 
aut 
graft 
I 
II 
I 
I 
I 
I 
I 
I 
I 
opsy 
recip. 
6 
1 
4 
4 
6 
2 
2 
1 
1 
histolog 
graft 
В 
D 
С 
A 
G 
H 
D 
G 
A 
ical exam. 
** 
recip. 
h 
b 
e 
g 
h 
c,d 
b 
с , e 
a 
histoli 
GVH 
++ 
-
+ 
++ 
++ 
+ 
-
+ 
_ 
ogical signs of 
** 
HVG 
-
-
-
-
+ 
++ 
+ 
+ 
_ 
167 
Vili.3.2. Clinical course. 
Vili.3.2.1. General. 
A ) G r o u p I ; the isogeneic group (ACI—»-ACI). 
The animals recovered quickly from the operation and drank 
water freely some hours later. In the first week after trans­
plantation, the animals suffered from diarrhea, but at the 
end of that week the stools were normal on inspection (tab. 8.1). 
Three rats died within the first two weeks (rats 42, 72, and 77). 
Their causes of death have been discussed previously (§ VIII.З.1.). 
Three other rats (rats 53, 66, and 68) survived for more than 
a year in a good clinical condition. Determinations of Hb, 
Ht, and albumin revealed normal values at various days after 
transplantation, indicating that there were no serious impairments 
of the general condition. 
In fig. 8.3. the survival times of the isogeneic group are 
represented. Rats 53 and 68 died about 500 days after trans­
plantation of old age. Rat 66 was sacrificed about 500 days 
after transplantation, when an apparently malignant tumor 
in the abdominal wall was found. At time of death, the clinical 
condition of the animal was perfect. 
B ) G r o u p I I ; the unidirectional GVH reaction group 
( P — F 1) . 
The postoperative course of the Ρ—»-F. group was mainly 
the same as that of the Wistar rat group. The day after 
the transplantation the animals were alert and behaved quite 
normally. As found in other groups, during the first week 
the animals suffered from diarrhea, but after that period 
the stools were normal on gross inspection. Clinically only 
three rats exhibited signs of a GVH reaction (rats 63, 70, 
73; see tab. 8.2). As in the Wistar rat group, the animals 
developed red edematous paws and ears, followed by alopecia, 
and diarrhea. 
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Gradually the clinical condition deteriorated, and the rats 
became emaciated. Rats 63 and 73 were sacrificed and rat 
70 died because of extreme emaciation. Rat 65 died on the 
9 day, severely emaciated, while rat 79 was sacrificed 
on the 13 day, because of severe emaciation. These two rats 
exhibited no clinical signs of a GVH reaction. Two rats 
(nrs. 75 and 78) died on the fifth and the sixth day after 
transplantation, respectively, suddenly after handling. 
Clinically the rats died of shock caused by a ruptered aneurysm 
of the arterial anastomosis. One rat (80) lived for more 
than a year after the transplantation in perfect condition 
On various days after transplantation, determinations of 
Hb, Ht, and albumin revealed normal values, indicating that 
there were no serious disturbances of small bowel function. 
The rat never exhibited signs of a GVH reaction and never 
became emaciated. About 500 days after transplantation the 
rat was sacrificed and autopsy was performed. At the time 
of sacrifice its clinical condition was good. In fig. 8.3 
the survival times of the Ρ —*- F group are represented. 
When the survival times of rats 64 and 80 are omitted in 
this group, a mean survival time of 12 days (- 5 SD) is 
calculated. 
Number of rats 
10 
16 21 ±500 
Days 
Fig. 8.3. Survival times of the isogeneic and the unidirectional GVH 
reaction group. In the latter group the mean survival time 
is 12 days (- 5 SD). The dotted line represents the isogeneic 
group, and the uninterrupted line the GVH reaction group. 
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Vili.3.2.2. Body weight courses. 
Vili.3.2.2.1. The isogeneic group. 
The changes in body weight of the three ACI rats that died 
during the first two weeks after transplantation (rats 42, 
72, and 77), are represented in fig. 8.4. In no instance 
a typical decline was found, as was characteristic in the 
Wistar rat group secondary to an immune reaction. In this 
isogeneic group the body weight gradually declined. 
Days 
Fig. Θ.4. Body weight courses of three ACI rats that died within two 
weeks after a small bowel iso-transplantation. A gradual decline 
m body weight is found. 
The relative body weight courses of the rats that survived 
with a small bowel iso-graft for more than one year are 
represented in fig. 8.5. (rats 53, 66, and 68). After an 
initial decline in body weight there was a gradual rise. 
After four weeks the preoperative body weight was regained. 
One year after transplantation the animals weighed about 
125% of the initial body weight. Although the reactions 
of this kind of rat after transplantation cannot directly be 
compared with that of the Wistar rat, the body weight changes 
of the three ACI rats, carrying small bowel iso-grafts, 
resemble the changes in weight courses of Wistar rats, carrying 
a mesocaval shunt (see fig. 3.2. ). 
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Fig. 8.5. Body weight courses of three ACI rats that lived for wore 
than a gear with a small bowel iso-graft. The mean relative 
body weights are expressed together with the standard deviations. 
The changes m body weight resemble most the changes found 
m Wistar rats carrying a mesocaval shunt. 
V I I I . 3 . 2 .2 .2 . The u n i d i r e c t i o n a l GVH r e a c t i o n group Ρ —•· F^^. 
F i g . 8 . 6 . shows t h e body weight c o u r s e s of r a t s 63, 65, 70, 
75 and 79. The weight c o u r s e of r a t 73 r e s e m b l e s t h a t of 
r a t 63 and i s n o t r e p r e s e n t e d . In f i g . 8.7 t h e body weight 
c o u r s e s of r a t s 78 and 80 a r e d e p i c t e d . Rat 80 l i v e d f o r more 
than one year a f t e r t h e t r a n s p l a n t a t i o n and d i s p l a y e d no 
s i g n s c l i n i c a l l y of a GVH r e a c t i o n . After 11 weeks t h e 
p r e o p e r a t i v e weight was r e g a i n e d and one year a f t e r t r a n s ­
p l a n t a t i o n t h e r a t weighed about 10% more t h a n p r e o p e r a t i v e l y . 
T i l l s a c r i f i c e (about 500 days a f t e r t r a n s p l a n t a t i o n ) t h e 
body weight remained u n a l t e r e d . 
1 7 1 
Days 
Fig. 8.6. Body weight courses of five rats of the unidirectional GVH 
reaction group, after small bowel transplantation. All courses 
display a gradual decline of the relative body weight, without 
the typical sharp fall, as was seen m the Wistar rats exhibiting 
an immune reaction. 
9β 168 364 
Days 
Fig. 8.7. The body weight courses of rat 78 (dotted line) and rat 80 
from the unidirectional GVH reaction group. Rat 80 lived for 
more than a year with a small bowel transplant and never 
displayed clear symptoms of a GVH reaction. 
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Vili.3.2.3. Findings at laparotomy and histological examination 
of biopsy specimen. 
VIII .3 .2 . 3 .1. Group I, the isogeneic group. 
In three rats of the isogeneic group biopsy specimens were 
taken from the grafted small bowel during laparotomy. Biopsy 
specimens were taken at day 30 and day 224 (rat 53) and 
day 9 (rat 66) and day 7 (rat 68) respectively. At time 
of laparotomy the clinical condition of the rats was good. 
In all laparotomized animals the grafts and the recipient's 
abdominal organs appeared normal. Histological examination 
revealed in all instances, normal grafted small bowels. 
Indications of rejection were notably absent. 
VIII.3.2.3.2. Group II, the Ρ —»-F group. 
In four rats of group II laparotomy was performed at various 
times after transplantation to obtain biopsy specimens (rats 
63, 70, 73, and 80). 
Rat 63 . A biopsy specimen of the grafted small bowel was 
taken at day 8. On that day the animal had clinical symptoms 
suggestive of a GVH reaction (red edematous paws and ears). 
At laparotomy adhesions were prominent although the appearance 
of the graft was normal . The liver and the spleen were enlarged 
and the mesenteric lymphnodes of the graft had distinctly 
increased in size while the mesenteric lymphnodes of the 
recipient were shrunken. Histological examination of the 
graft revealed a normal appearance. There were no changes 
indicative of an immune reaction. At day 12 another biopsy 
was taken. Clinically the rat was in a poor condition. The 
liver and the spleen were distinctly enlarged. Macroscopically 
the graft was normal, although the loops were very adherent. 
Histological examination of biopsy specimens showed a normal 
architecture of the graft without signs of rejection. 
Rat 70. On day ten after transplantation a laparotomy was 
performed. Clinically the rat was in a good condition and 
exhibited no signs characteristic of a GVH reaction. Macro-
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scopically, however, the mesenteric lymphnodes of the graft 
were distinctly enlarged and the liver and the spleen had 
also increased in size. Macroscopically the small bowel 
had a normal appearance, although its wall seemed to be 
slightly thickened. Histological examination of the graft 
revealed no abnormalities. 
Rat 73. On day 4 after transplantation a laparotomy was 
performed because of symptoms of an ileus. At operation 
firm adhesions to the transverse colon were found. Besides 
the ileus other changes indicative of an immune reaction 
could not be detected in the small bowel, or in any other 
organ. Histologically, too, the graft appeared normal. 
Rat 80. 180 days after transplantation a biopsy specimen 
was taken during laparotomy. At that time the clinical condition 
of the animal was good. No changes could be detected in 
the intra-abdominal organs, at operation. The graft looked 
healthy and only a few adhesions had developed . The liver 
and the spleen were not enlarged and the mesenteric lymphnodes 
of the graft were normal. Histologically the grafted small 
bowel showed no abnormalities. 
V I I I . 3 . 2 . 4 . Post m o r t e m e x a m i n a t i o n . 
VIII.3.2.4.1. Introduction. 
In animals that succumbed spontaneously or were sacrificed 
autopsy was performed as soon as possible. Biopsy specimens 
of the graft, the small bowel anastomoses, the mesenteric 
lymphnodes of both graft and recipient, the liver, the spleen, 
kidney, lung, heart and thymus, together with the parathymic 
lymphnode were taken for histopathological examination. 
The same criteria as applied to the Wistar rat group were 
used for comparison (see tabels 7.14; 7.15; 7.16; and 7.19). 
VIII.3.2.4 . 2 . The isogeneic group. 
The post mortem findings of rats 42, 72, and 77 (the late 
complication group) have been described in § VIII.3.1. 
Rats 53 and 68 died about 500 days after transplantation 
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obviously of old age. At autopsy (carried out several hours 
after death) no adhesions of the graft were found. The mesenteric 
lymphnodes of the graft were not enlarged and both the liver 
and the spleen appeared normal. Macroscopically there were 
no indications of an immune reaction. Post mortem autolytic 
changes, however, were too advanced to allow exact histo-
pathological examination. 
Rat 66 was sacrificed about 500 days after transplantation 
because of an apparently malignant tumor infiltrating the 
abdominal wall. The clinical condition of the rat, however, 
was quite normal. At autopsy a normal graft was found. 
Indications of a previous or actual immune reaction were 
notably absent. The mesenteric lymphnodes of the graft were 
not enlarged, and the liver and the spleen, too, were normal. 
There were no adhesions . Histopathological examination revealed 
a normal appearance of the graft. The same held true for 
the liver, spleen, heart, kidney and thymus, except for 
changes related to the old age of the animal . Unfortunately 
the biopsy specimen of the tumor was lost and no histological 
diagnosis could be given. 
Reliable measurements of liver and testicular weights could 
not be performed because the rats 53 and 68 had been dead too 
long at time of autopsy and rat 66 had a tumor which would 
probably have influenced the body weight. 
The findings of the post mortem examination are summarized 
in tab. 8.1. 
VIII.3 .2 . 4.3. The unidirectional GVH reaction group. 
Rat 64 died within 48 hours after surgery, secondary to 
a period of shock, resulting from a volvulus of the graft 
associated with strangulation. Histological examination 
revealed no signs of an immune reaction. At autopsy in all 
other rats of this group a macroscopically normal grafted bowel 
was found, exhibiting no signs of vascular disturbances. 
Therefore until death the graft was vital. 
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In rats 64, 79, and 80 no changes of the liver, the spleen, 
or the mesenteric lymphnodes of the graft were found macro-
scopically. In two rats (75 and 78) a ruptured false aneurysm 
originating from the arterial anastomosis could be detected. 
In rats 65 and 70 the spleen and the mesenteric lymphnodes 
of the graft were distinctly enlarged, however, there were 
no obvious changes m the liver. 
In rats 63 and 73 the spleen and the liver were enlarged 
and had developed necrotic areas. The mesenteric lymphnodes 
of the graft were markedly enlarged. A thymus was not found 
at autopsy. 
Histological examination revealed different stages of rejection 
of the grafted small bowels in rats 73, 75, 78 and 79. In 
the other rats no signs of rejection were found in the graft. 
Rats 73 and 79 : At histological examination of the graft 
a normal appearance of the small bowel was found, whithout 
changes in the mesentery. The mesenteric lymphnodes of the 
graft, however, displayed perivascular infiltration with 
round-cells. There were distinct changes of the endothelium 
of the medium sized vessels, such as pavement patterns of 
endothelial cells, with swelling of cells and basal vacuolization 
of endothelium (Pattern 'G', according to tab. 7.16.). 
Rat 75. Round-cell infiltration in the small bowel, with 
perivascular cuffing patterns. Superficial necrosis of the 
epithelium. Vascular changes (Pattern 'H', according to 
tab. 7.16.). 
Rat 78. At histological examination of the graft ischemic 
necrosis was found. There were slight indications for cuffing 
patterns around the mesenteric medium sized vessels. Probably 
the ischemic necrosis is caused by an immune reaction against 
the mesentery of the graft (Pattern 'D', according to tab. 7.16.). 
Signs of a G V H r e a c t i o n were found microscopically, 
in recipient's organs of six rats (nrs. 63, 65, 70, 73, 75 
and 79). The phenomena were compared with the changes described 
in tab. 8 .19. 
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Rats 63 and 73. (Pattern 'h', according to tab. 8.19.). 
The strongly enlarged spleen displayed signs of severe sclerosis. 
Lymphatic tissues had disappeared. The liver demonstrated 
severe periportal round-cell infiltrations with necrotic 
areas . Loss of lymphatic tissues was found in the parathymic 
lymphnode. Atrophy of thymus. 
Rat 65. Loss of follicles in the spleen, with increase of 
reticular cells. Normal liver. Slight vascular changes, 
such as swelling of endothelial cells, sometimes with pavement 
patterns, or vacuolar degeneration, were found m the recipient's 
duodenum. Atrophy of thymus. (Pattern 'e'). 
Rat 70. (Pattern 'g'). Spleen: loss of lymphatic tissues 
and architecture, with increase in reticular cells. P e n -
portal round-cell infiltrations in the liver and perivascular 
round-cell infiltration in the duodenum. Atrophy of thymus. 
Rat 75. (Patterns 'c' and 'd'). Spleen: prominent PALS, 
locally somewhat depleted. Good developed follicles, without 
germinal centers. Slight vascular changes in parathymic 
lymphnode and in the spleen. Normal liver. Involution of thymus. 
Rat 79. (Pattern 'c' and 'e'). In acceptor duodenum p e n -
vascular cuffing patterns were found, localised in the sub-
mucosa . In the paracortical area of the parathymic lymphnode 
a proliferative reaction was found. The PALS of the spleen 
was prominent. Diffuse round-cell infiltrations were found 
in the liver, although not localised around the periportal 
area. The architecture of the liver was normal. Accidental 
involution of thymus . 
In three rats (nrs. 73, 75, and 79) signs of a GVH reaction 
as well as signs of rejection were found microscopically 
In rat 80 the organs of the recipient appeared normal and 
exhibited no changes which could be attributed to an immune 
reaction. The graft, too, had a normal appearance. 
Tab. 8.2. summarizes the findings. 
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V i l i . 4 . D I S C U S S I O N AND C O N C L U S I O N S . 
VIII.4.1. Technical considerations. 
With isogeneic animals numerous problems were encountered during 
the early period of anesthesia, for instance cardiac arrest, 
broncial secretions and apnea. This indicates that inbred 
strains of rats have a diminished vigour compared to outbred 
strains like the Wistar strain, or hybrid strains. Of the 
isogeneic group, three animals died as a result of late compli-
cations. Despite the complications in the ACI rat group, the 
surgical mortality rate in the two groups was very low: 7%. 
In four rats (nrs. 72, 75, 77 and 78) a false aneurysm was found, 
originating from the arterial anastomosis. Since in three rats 
(nrs. 72, 75 and 78) indications were found of rejection phenomena, 
the aneurysm probably resulted from an immunological injury to 
the endothelium of the vascular wall, creating a locus of de-
creased resistance. Infections or technical faults may also have 
been causes of the failures of the arterial anastomoses. 
In two cases an ileus was found; one caused by a volvulus and 
the other originating from adhesions around the transverse colon. 
Intestinal obstruction was not found in the Wistar rat group. 
Fixation of the grafted mesentery to the abdominal parietal 
structures would probably not have prevented this complication, 
as only a small part of the graft was involved, far away from the 
mesenteric root. 
VIII.4.2. Clinical course and immunological considerations. 
The three rats of the isogeneic group (rats 66, 68 and 53) 
that carried a small bowel iso-graft for about 500 days, 
demonstrate clearly that in the absence of immunogenetical 
disparities recipients of a small bowel transplant can survive 
with the graft. The isogenicity of the ACI strain was confirmed 
as judged from the permanent survival of 10 out of 10 intra-
strain skingrafts, but immune reactions to the small bowel 
cannot be excluded with certainty. 
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In one rat (73) histological examination of autopsy specimens 
of the graft revealed signs of rejection. It is most likely 
that this is due either to residual segregation, as it is 
impossible to achieve fully inbred strains (Festing, 1979a) 
or to contamination of the inbred strain. 
The body weight courses of the three long surviving ACI 
rats indicate that the small bowel is capable of maintaining 
good function after transplantation. As the mesocaval shunt, 
which is created in our operation technique, is comparable 
in size and place to the shunt carried out m the Wistar rats 
(see chapter 3), it may be suggested that the body weight 
of rats carrying small bowel grafts is also influenced by 
the type of shunt. The initial period, characterized by 
a fall in body weight, and the later increase in weight 
confirms this supposition. On the other hand, the ACI rat 
cannot be compared directly with the Wistar rat. At time 
of operation the ACI rats were 6 months old and the Wistar 
rats 3 months , also the ACI rats do not reach such high 
final body weights as the Wistar rats (400 g and 500 g, 
respectively ) . 
Concerning the body weight courses in the unidirectional 
GVH reaction group, it should be stressed that in no instance 
the same drastic fall in body weight was noticed as charac­
terized Wistar rats exhibiting a HVG reaction after small 
bowel transplantation. In the Wistar rat group it was found, 
that where a marked influence of a GVH reaction was noticeable 
on histological examination, the sudden fall in body weight 
was less pronounced. In the Ρ—»-F, group, the influence 
of the HVG reaction (rejection), when present, was minimal, 
with regard to body weight changes . In cases of rejection 
of the small bowel large amounts of plasma, water and electro­
lytes are probably lost, as judged from diarrhea. This may 
explain the sudden fall in body weight, seen in rats suffering 
from a rejection crisis but not in the rats exhibiting a 
GVH reaction. 
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As the mean survival time of the Ρ—•• F. group (11 days - 6 SD) 
is comparable with the mean survival time of the Wistar 
rat group (13 days - 5 SD), the gradual fall in body weight 
cannot be explained by a chronic type of rejection. 
An HVG reaction was never pronounced among Ρ—»- F. animals, 
at histological examination of autopsy specimens. 
Nevertheless , m four rats of the unidirectional GVH reaction 
group signs of rejection of the grafted small bowel were 
found at histological examination (see tab. 8.2.). According 
to the Mendelian law, only indications of a GVH reaction 
should be found, since in this model the recipient is unable 
to recognize the grafted small bowel as foreign. In 6 rats 
of 9, signs of a GVH reaction were found, indeed. The main 
target organs were the spleen, the thymus, the (parathymic) 
lymphnode, the liver and and the remaining parts of the 
small bowel. But also we found in four animals signs of 
rejection, while in one rat (nr. 80) an immune reaction 
was notably absent. Probably the disparities at the MHS 
were too small, to cause a lethal GVH reaction in rat 80. 
Indeed histological examination revealed, in rat 80, total 
atrophy of the thymus , which may be explained as a previous 
GVH reaction directed mainly to this central lymphoid organ, 
or as a self elimination of Τ lymphocytes as characteristic 
secondary to Wistar-PVG/C rat liver allotransplantation 
(Hess and Jerusalem, 1976), probably by the development 
of suppressor cells (Lang et al., 1979, 1981). 
Several possibilities can be discussed to explain rejection 
phenomena in the Ρ—^F. model. The parental strains, respectively 
were contaminated, or spontaneous mutation had either changed 
the parental strains, or the F. hybrid strain. Although 
it has not been examined whether the individuals of the F. 
hybrid cross were genetically identical (as ought to be 
the individuals of the parental inbred strains ) , a contamination 
or a mutation is very unlikely, since the animals were obtained 
from renowned laboratories . 
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Another hypothesis suggests the graft has been rejected 
by its own defence mechanism. Since the graft is connected 
to the recipient by means of vascular system, cellular systems 
of high physiological turnover rates are probably gradually 
replaced through recipient derived precursors . It is very 
likely, too, that lymphocytes of the recipient penetrate 
the interstices of the graft and recirculate into the lymph-
nodes and Peyer's patches of the graft. Moreover the inter­
stices of the graft are rapidly impregnated with the serum 
proteins of the host. Subsequently the immunocompetent cells 
of the graft recognize the immunological characteristics 
of both the immigrated cells and proteinaceous fluids of 
the recipient and on sensitization the characteristic histo­
logical features of an acute rejection are induced. Initially 
an intratransplant GVH reaction prevails, but finally the 
graft becomes damaged by immunological effector mechanisms 
which, once activated, are unable to distinguish between 
non-self and self structures . This may be through complement 
or Τ cell-independent (antibody-dependent) systems. 
A third possible explanation, too, is an immunological one. 
The homozygous parental tissues may possess a genetically 
determined antigen, which is not expressed by the heterozygotes. 
If this holds true, the heterozygote can reject the homozygous 
cells, which express this antigen. In mice some evidence 
is found for the existence of a so-called 'hybrid histo­
compatibility locus', which governs this phenomenon, called 
'hybrid resistance' (Elkins, 1971). 
Each of the discussed hypotheses is suitable to explain 
the onset of an immune reaction to the small bowel graft 
m only 50%, but none of them could be confirmed in the 
present model. Other combinations may behave differently 
since in another Ρ—•• F. model ( L — ( LxBN ) F. ), Monchik and 
Russell (1971) found no signs of HVG reactions, but only 
indications of GVH reactions . 
* * * * * * 

S U M M A R Y A N D C O N C L U S I O N S . 
"Without courage there cannot be truth, and 
without truth there can be no other virtue." 
(Sir Walter Scott) 
In the general introduction, some historical aspects of trans-
plantation surgery are discussed. In contrast to renal trans-
plantation, small bowel transplantation has never developed 
as an established method of choice in clinical treatment. 
Among technical problems , immunological problems form the 
main stumbling block. With the development of microsurgical 
techniques, however, small bowel transplantation in the 
rat has become possible and the availability of inbred strains 
of rats with well defined immunogenetic characteristics 
has offered the possibility of studying the many facets 
of such transplantation. 
The aims of this thesis were to further develop the micro-
surgical techniques of small bowel transplantation in the 
rat; to investigate methods of preservation of the graft 
and to evaluate the consequences of the mesocaval shunt 
which forms an essential part of our transplantation technique. 
Further aims were: the analysis of the postoperative clinical 
course after small bowel transplantation, in outbred Wistar 
rats and in two immunogenetically defined rat models, with 
particular reference to the occurrence of either a graft 
versus host reaction (GVH) or a host versus graft reaction 
(HVG) and the study of the possibility of early detection 
of graft rejection. 
In chapter 1, indications and results of the seven previously 
performed clinical small bowel transplantations are discussed. 
All patients died soon after transplantation. Indications 
for small bowel transplantation still exist, pointing to 
the importance of continued experimental work. Also in this 
chapter are discussed: the choice of the animal; the instruments 
for microsurgery; and our recently designed rat ether inhalation 
apparatus. 
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The second chapter discusses techniques of small bowel trans-
plantation, in the dog and in the rat, and describes our 
technique for small bowel transplantation in the rat. Since, 
in our technique, (as in most clinical cases), the venous 
outflow of the graft is drained into the cavai vein, a functional 
mesocaval shunt is created which is known to have numerous 
consequences. These are discussed in the next chapter. 
Also in chapter 3, the influence of portal systemic shunts 
on metabolism, and on neurological, hormonal, hemodynamic 
and immunological fields is studied. In rats of the same 
age and the same strain, changes after shunt paralleled 
changes in body weight, so that the latter may be regarded 
as a parameter measuring shunt function. In order to study 
shunt activity in our transplantation model, an experimental 
study in 20 Wistar rats was devised to examine the influence 
of comparable mesocaval shunts on body weight . The changes 
in body weight after mesocaval shunt were also compared 
with body weight changes after a portacaval shunt and after 
a sham operation. The influence of each type of operation, 
on liver and testicular weight was compared. Clinically, the 
rats with a mesocaval shunt did not behave differently from sham 
operated controls, although after mesocaval shunt, body 
weight, liver weight and testicular weight were lower. However, 
the changes in weight were less pronounced than after a 
portacaval shunt. Statistical evaluation of the results 
of the 3 experimental groups revealed significant differences 
in body weight, liver weight and testicular weight. 
Signs of portal encephalopathy, seen after portacaval shunt, 
were notably absent in both other groups . Since there is an 
effect on body weight after performing a mesocaval shunt, it 
may be expected that the mesocaval shunt of our transplantation 
model will have functional consequences, although the clinical 
condition of the rats will be unaffected by the shunt. 
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The adverse effects of ischemia on the tissue in general 
and on the small bowel especially is investigated in chapter 4 
After relatively short periods of intestinal ischemia, fatal 
shock may develop, particularly shortly after the circulation 
to the ischemic bowel is re-established. Shock may be caused 
by fluid depletion or by the absorption of toxic factors 
from the ischemic gut. Small bowel transplantation is inevitably 
associated with a shorter or longer period of ischemia of 
the graft. In the case of a prolonged cold ischemic period, 
a warm ischemic period may be superimposed. This may occur 
even after performing the vessel anastomoses because of 
disturbances in the microcirculation, and this can result 
in an increased risk of fatal shock. 
The ischemic tolerance of the small bowel of the rat was 
studied in 60 Wistar rats, in order to clarify one of the 
first problems of small bowel preservation. The entire 
circulation to the small bowel of the rat could safely be 
occluded, at body temperature, for 30 minutes. After 60 
minutes occlusion of the circulation at body temperature, 
7 of 10 rats died shortly after the onset of symptoms of 
shock. Hypothermia, by means of surface cooling of the small 
bowel, had a favorable effect on the outcome after ischemia. 
Under these circumstances, (cooling down to 5°C), the entire 
circulation of the small bowel could safely be occluded 
for 60 minutes. However, the safe thresholds of the reversible 
period were small; after 90 minutes entire occlusion of 
the small bowel circulation, at 5°C, 8 rats of 10 died of 
shock. 
The results of studies on small bowel preservation are presented 
in chapter 5 The most common methods of clinical and experimental 
organ preservation are discussed. Numerous techniques, success-
fully applied in renal preservation, have also been tried in 
canine small bowel preservation, but with unsatisfactory 
results. 
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Our own experimental studies on preservation of the small 
bowel graft involved 35 Wistar rats, subdivided into 7 experi-
mental group. In this study, as test of viability of the 
graft, allotransplantation was performed after different 
methods of preservation. Using chilled Ringer's lactate 
solution, it was found that a flushing pressure of 50 cm 
water proved to be detrimental probably because of irreversible 
damage of the microcirculation of the graft. Lowering the 
flushing pressure to 35 cm water, however, proved to be 
advantageous. Furthermore it was shown that excision of 
the distal part of the graft (about 5 to 7 cm), together 
with the ileocolic vessels, was necessary to diminish the 
pooling of blood in the submucosal plexus and to obtain 
a better capillary perfusion in the remaining parts of the 
grafted small bowel. With regard to the used method of preser-
vation, the time of persistent preservation proved to be 
sufficient for the transplantation technigue we used. 
In chapter 6, the immunological backgrounds of small bowel 
transplantation are discussed. Transplantation of short 
segments of the small bowel between immunologically incom-
patible animals leads to organ rejection just as with other 
organ transplants. However, transplantation of entire small 
bowel may produce a GVH reaction. According to Mendelian 
laws, immunogenetically defined rat strain models can be 
set up where the GVH reaction and the HVG reaction can be 
studied separately following small bowel transplantation. 
Such transplantation between members of the same inbred 
strain will not be rejected. 
The technical, clinical, and histopathological aspects after 
small bowel transplantation in 20 Wistar rats are evaluated 
in chapter 7. The clinical course was assessed by daily 
examination of the clinical condition (with special interest 
in signs of a GVH reaction), gross examination of the stools, 
determination of the body weight and by determination of 
Hb, Ht, and albumin at various days after 
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transplantation. At several days after transplantation, 
biopsies were taken from the grafted small bowel at laparotomy. 
Autopsy, (after spontaneous death or sacrifice), was performed 
and gross and histopathological examination of both the 
graft and the recipient was done. Surgical mortality rate 
was 15% and the mean survival time was 13 days. Clinically, 
4 of the 20 rats displayed signs of a GVH reaction (red 
edematous paws, diarrhea and alopecia), while histological 
examination of biopsy specimens, obtained at autopsy, revealed 
that in 9 of the 18 histologically examined rats signs were 
present characteristic of a GVH reaction. Main target organs 
of the GVH reaction were the spleen, the liver, the lymphnodes 
the thymus and the remaining parts of the recipient's small 
bowel. In 8 of these 9 rats, rejection of the graft was 
diagnosed, histologically. Five rats that did not suffer 
from a GVH reaction, histologically, also exhibited signs 
of graft rejection, at histological examination. 
Biochemical determinations of Hb, Ht, and albumin, revealed 
normal values initially. A rise in Hb and Ht, with a decreasing 
albumin level was found shortly before death. 
Body weight changes of rats that suffered from a rejection 
crisis, ran a typical course and this enabled us to detect 
the early rejection clinically. Whenever there was a typical 
fall in body weight, suggesting an immunological reaction, 
histological examination of whole segment biopsies of the 
graft revealed no changes characteristic of rejection. 
Histologically, the rejection of the mucosa of the graft 
was shown to occur some days later than the rejection of 
the mesenteric lymphnodes of the graft and the clinical 
deterioration of the animal. These findings suggest that 
histological examination of mucosal biopsy specimens are 
unlikely to detect early rejection of the graft as suggested 
in the literature. 
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In the last chapter, (8) results obtained with small bowel 
transplantation in two immunogenetically defined rat models 
are described. An isogeneic model (ACI—•- ACI) and the model 
P—<-F ( (BN —«-(Wag/Rij χ BNJF,)) were used. 
Three rats in the isogeneic group (total 6 animals) survived 
for about 500 days in good condition. Their body weight 
courses resembled the changes found after a mesocaval shunt. 
In the second model, GVH reaction can be studied in the 
absence of rejection phenomena. Nine F. hybrid animals received 
small bowel grafts from parental strain animals. The mean 
survival time in this group was 11 days. The body weight 
courses of these rats differed from those of the Wistar 
rat group. A gradual decline in weight, without a sudden 
fall was found. Histological examination of autopsy specimens 
revealed, m six rats, signs of a GVH reaction and in four 
rats, signs of graft rejection. In three of these four animals 
signs of a GVH reaction as well as HVG reaction were found. 
Different hypotheses are proposed to explain the onset of 
an immune reaction to the small bowel in the model Ρ—•- F. . 
Our methods of operation and preservation have been shown, 
in this study, to have a low mortality rate and a consistent 
preservative effect on the small bowel in the rat. The creation 
of a functional mesocaval shunt seems to have no serious 
influence on morbidity in the rat and is more comparable 
to the clinical situation. It may be stated that our technigue 
of functional heterotopic small bowel transplantation in 
the rat offers the possibility of studying immunological 
problems after small bowel transplantation in immunogenetically 
well defined rat models . 
****** 
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S A M E N V A T T I N G . 
In de algemene inleiding worden enkele historische aspecten 
van de transplantatie chirurgie besproken. In tegenstelling 
tot de niertransplantatie, heeft de dunne darm transplantatie 
zich nooit ontwikkeld tot een geaccepteerde klinische behan-
delingsmethode, alhoewel er zeker een indicatiegebied bestaat. 
Naast technische problemen, zijn het vooral immunologische 
problemen, die het voornaamst struikelblok vormen. De immu-
nologische facetten van een dergelijke transplantatie kunnen 
goed bestudeerd worden in modellen, waarbij gebruik gemaakt 
wordt van ingeteelde rattestammen, met vaste immunogenetische 
kenmerken. Alhoewel de ontwikkeling van de microchirurgie 
de dunne darm transplantatie bij de rat mogelijk maakt, 
is er tot op heden nog weinig bekend van deze transplantatie. 
De doelstellingen van deze dissertatie zijn: 
* de verdere ontwikkeling van de microchirurgische technieken 
van de dunne darm transplantatie bij de rat, 
* het onderzoek van de preservatie methoden van het trans-
plantaat, 
* het evalueren van de conseguenties van de mesocavale shunt, 
die een essentieel onderdeel vormt van onze transplantatie-
techniek en die ook in de meeste klinische gevallen werd 
toegepast, 
* het bestuderen van het klinisch beloop na een dunne darm 
transplantatie bij de niet ingeteelde Wistar rat en bij 
twee immunogenetisch gedefinieerde modellen, waarbij met 
name de graft versus host reactie (GVH) en de host versus 
graft reactie (HVG) nader zouden worden bekeken, 
* het zoeken naar mogelijkheden, om een vroegtijdige afstoting 
van het transplantaat te ontdekken. 
In het eerste hoofdstuk worden de indicaties en de resultaten 
van de 7 tot nu toe uitgevoerde klinische dunne darm transplan-
taties besproken. Alle patiënten stierven spoedig na de 
ingreep. Voor zover bekend, zijn er de laatste tien jaar 
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geen darm transplantaties meer verricht, alhoewel er nog 
steeds indicaties bestaan, voor het verrichten van een der-
gelijke ingreep. Dit onderstreept te meer de noodzaak, tot 
het continueren van het experimentele werk. Verder worden 
in dit hoofdstuk besproken de keuze van het proefdier en 
van de verschillende gebruikte stammen, het micro-instrumenta-
rium en een door ons ontworpen inhalatie apparaat voor ether 
narcose bij de rat. 
De technieken van de dunne darm transplantatie bi] de hond 
en de rat worden besproken in hoofdstuk 2. Aansluitend wordt 
onze techniek voor dunne darm transplantatie bij de rat 
gepresenteerd. Aangezien in onze techniek de veneuze drainage 
van het transplantaat uitkomt in de vena cava van de acceptor, 
wordt een functionele mesocavale shunt gecreëerd, welke 
talrijke functionele consequenties kan hebben (hoofdstuk 3). 
De invloed van het porta-systemisch shunten op zowel het 
metabolisme, als op neurologisch, hormonaal, hemodynamisch 
en immunologisch gebied, wordt besproken in hoofdstuk 3. 
Bij ratten, behorend tot dezelfde stam en dezelfde gewichts-
klasse, blijken de veranderingen, die optreden na het creëren 
van een dergelijke shunt, parallel te lopen met de veranderingen 
in lichaamsgewicht, zodat de gewichtscurve beschouwd kan 
worden als parameter van shuntactiviteit. Om de shuntacti-
viteit van onze transplantatietechniek te bestuderen, werd 
een experimentele studie opgezet bij 20 Wistar ratten. De 
ratten ondergingen geen transplantatie, maar kregen een 
end-to-side mesocavale shunt, die in plaats en grootte verge-
lijkbaar was met de shunt van de getransplanteerde ratten. 
Ter controle werd bij een groep ratten een portocavale shunt 
aangelegd, terwijl een derde groep ratten een 'sham' operatie 
onderging. Vergeleken werden: lichaamsgewicht, levergewicht 
en testikelgewicht. Bovendien werd het klinisch beloop onder-
zocht. De ratten met een mesocavale shunt gedroegen zich 
klinisch niet anders, dan de ratten, die een 'sham' operatie 
(controle groep) hadden ondergaan. Wel bleef het lichaams-
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gewicht duidelijk achter, terwijl ook het lever- en testikel-
gewicht lager waren. Echter de gevonden veranderingen waren 
minder groot, dan na een portocavale shunt. Statistische 
evaluatie van de resultaten van drie experimentele groepen 
toonde aan, dat er significante verschillen waren in lichaams-
gewicht, lever- en testikelgewicht. 
Tekenen van portale encephalopathie, aanwezig na portocavale 
shunt, werden niet gevonden in de beide andere groepen. 
Aangezien er een duidelijke invloed is op het lichaamsgewicht, 
het levergewicht en het testikelgewicht, mag verondersteld 
worden, dat de mesocavale shunt van ons transplantatiemodel 
functionele conseguenties zal hebben, maar dat de klinische 
conditie van de rat niet zal worden aangetast. 
De schadelijke invloed van ischemie op weefsels in het alge-
meen en op de dunne darm in het bijzonder, wordt bestudeerd 
in hoofdstuk 4. De dunne darm verdraagt ischemie slecht. 
Na korte perioden van ischemie kan zich een snel fatale 
shock ontwikkelen, welke nog sneller blijkt te ontstaan, wan-
neer de afgesloten circulatie naar de ischemische dunne darm 
wordt hersteld. De shock kan veroorzaakt worden door vloei-
stof onttrekking uit de circulatie en/of door absorptie 
van toxische stoffen afkomstig uit de ischemische darm. 
Bij de dunne darm transplantatie treedt onvermijdelijk een 
kortere of langere periode op, waarin de darm ischemisch 
is. Op een langere periode van koude ischemie kan een warme 
ischemische periode volgen, welke kan doorgaan, zelfs na 
het aanleggen van de vaatanastomosen. Dit verschijnsel wordt 
veroorzaakt door een verstoring van de microcirculatie 
en kan in hoge mate aanleiding geven tot de ontwikkeling 
van een fatale shock. 
Om een van de eerste problemen van de dunne darm preservatie, 
nl. de ischemische tolerantie van de dunne darm, te bestuderen, 
werd een experimentele studie opgezet bij 60 Wistar ratten. 
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De totale circulatie naar de dunne darm van de rat kon, 
bij lichaamstemperatuur, veilig worden afgesloten gedurende 
30 minuten. Na 60 minuten ciculatie onderbreking, bij lichaams-
temperatuur, stierven 7 van de 10 ratten kort na de ontwikkeling 
van shock verschijnselen. Hypothermie, door middel van opper-
vlakte koeling van de dunne darm, bleek een gunstige uitwer-
king te hebben op het verdragen van ischemie. Wanneer de 
dunne darm uitwendig werd gekoeld tot 5°C, kon de totale 
circulatie veilig worden afgesloten gedurende 60 minuten. 
De grenzen van de veilige perioden bleken smal te zijn; 
na 90 minuten afsluiting van de totale circulatie naar de 
dunne darm, bij 5°C, stierven 8 van de 10 ratten in shock, 
na herstel van de circulatie. 
De resultaten van studies over dunne darm preservatie worden 
weergegeven in hoofdstuk 5. De bekendste methoden van klinische 
en experimentele orgaan preservaties worden besproken. Tal-
rijke technieken, die met succes zijn toegepast bij de nier 
preservatie, zijn ook toegepast bij de preservatie van de 
dunne darm in het hondemodel, maar met onbevredigende resultaten, 
Onze experimentele studies over de preservatie van de dunne 
darm bij de rat werden uitgevoerd bij 35 Wistar ratten, 
onderverdeeld in 7 experimentele groepen. In deze studie 
werd als test voor vitaliteit van het transplantaat gekozen: 
allotransplantatie, na verschillende methoden van preservatie. 
Gevonden werd, dat een flushdruk van 50 cm water, met als 
preservatievloeistof gekoelde Ringer's lactaat, schadelijk 
was voor het transplantaat, waarschijnlijk als gevolg van 
beschadigingen van de microcirculatie. Verlaging van de 
flushdruk tot 35 cm bleek een gunstige uitwerking te hebben. 
Verder bleek het noodzakelijk te zijn, om de ileocolische 
vaten te excideren, tesamen met het bijbehorende deel van 
het terminale ileum (ong. 5 tot 7 cm). De overweging was, 
op deze manier het stagneren van het bloed in de submucosale 
plexus te verminderen, zodat een betere capillaire doorbloeding 
in de rest van de getransplanteerde dunne darm zou ontstaan. 
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Wat betreft de methode van preservatie valt verder te vermelden, 
dat de tijdsduur voor een betrouwbare preservatie voldoende was 
voor de gebruikte transplantatie techniek. 
In hoofdstuk 6 worden de immunologische achtergronden van 
de dunne darm transplantatie besproken. Transplantatie van 
kortere segmenten dunne darm, tussen niet compatibele dieren, 
leidt tot afstoting, op dezefde manier als andere organen. 
Echter, de transplantatie van een totale dunne darm bij 
niet compatiblele dieren, kan een GVH reactie oproepen. 
Overeenkomstig de wetten van Mendel kunnen bij de rat immuno-
genetische modellen worden opgesteld, waarin zowel de GVH 
reactie, als de HVG reactie kunnen worden bestudeerd. Dunne 
darm transplantaties tussen leden, die tot dezelfde inge-
teelde stam behoren, zullen m e t worden afgestoten. 
De technische, klinische en histopathologische aspecten 
van een dunne darm transplantatie, uitgevoerd bij 20 Wistar 
ratten (outbred), worden nader bestudeerd in hoofdstuk 7. 
Het klinisch beloop werd geëvalueerd, door dagelijkse in-
spectie van de klinische conditie (waarbij speciale aandacht 
werd geschonken aan verschijnselen van een GVH reactie), 
inspectie van de ontlasting, bepaling van het lichaamsgewicht 
en door bepaling van het Hb, Ht en albumine op verschillende 
dagen na de transplantatie. Ook werden op verscheidene dagen 
na de transplantatie biopten genomen, van de getransplanteerde 
darm, via een laparotomie. Wanneer een dier kwam te overlijden, 
of afgemaakt moest worden, omdat het m een te slechte conditie 
verkeerde, werd sectie verricht, met macroscopische en micros-
copische beoordeling van het transplantaat en de organen 
van de ontvanger. 
De vroege chirurgische mortaliteit was 15%, terwijl de gemid-
delde overlevingsduur 13 dagen was. Klinisch vertoonden 
4 van de 20 ratten tekenen van een GVH reactie, zoals rode 
en oedemateuze poten en oren, gepaard gaande met haaruitval 
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en diarrhée, terwijl histologisch onderzoek van obductie 
materiaal aantoonde, dat in 9 van de 18 histologisch onder-
zochte dieren specifieke kenmerken aanwezig waren van een 
GVH reactie. De belangrijkste organen, die bij onderzoek 
door een GVH reacie waren getroffen waren: de milt, de lever, 
de lympheklieren, de thymus en de overgebleven delen van 
de dunne darm van de ontvanger. Bij histologisch onderzoek 
van obductie materiaal, werden bij 8 van de 9 ratten, met 
histologische tekenen van een GVH reactie, ook tekenen ge-
vonden van afstoting van het transplantaat. Vijf ratten, 
die bij histologisch onderzoek van obductie materiaal geen 
tekenen vertoonden van een GVH reactie, vertoonden wel verschijn-
selen van afstoting van het transplantaat. 
Bloedchemie van Hb, Ht en albumine toonde de eerste dagen 
na een transplantatie normale waarden, maar kort voor de 
dood werd een stijging gevonden van het Hb en de Ht, terwijl 
het albumine daalde. 
De veranderingen in lichaamsgewicht van ratten, die bij 
histologisch onderzoek van obductie materiaal aan een af-
stoting leden, hadden een typisch verloop, dat ons in staat 
stelde, de afstoting, klinisch, vroegtijdig te ontdekken. 
Wanneer een daling optrad in de gewichtscurve, suggestief 
voor een afstotingsreactie, dan toonde histologisch onderzoek 
van biopsie materiaal van de graft geen aanwijzingen, die 
karakteristiek waren voor een afstoting. Bij histologisch 
onderzoek van obductie materiaal, leek de afstoting van 
de mucosa van het transplantaat enkele dagen later op te 
treden, dan de afstoting van de mesenteriale lympheklieren 
van het transplantaat. Deze bevindingen suggereren, dat 
het niet mogelijk is om via onderzoek van biopten, afkomstig 
van de mucosa van het transplantaat vroegtijdige afstoting 
op te sporen. Dit is in tegenstelling met de gegevens uit 
de literatuur . 
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In het laatste hoofdstuk (8), worden de resultaten beschreven 
van dunne darm transplantaties, uitgevoerd in twee immunoge-
netisch gedefinieerde modellen: a) een isogeen model 
(ACI—«-ACI) en b) het model Ρ — - F met BN—«-(Wag/Rij χ BN)F 
Drie van de zes ratten uit de isogene groep leefden ongeveer 
500 dagen na de transplantatie, in goede conditie. Hun gewichts 
curve leek op de curves, die gevonden werden bij de Wistar 
ratten met een mesocavale shunt. In het tweede model kan 
de GVH reactie bestudeerd worden, zonder verschijselen van 
een HVG reacie. Negen F.-hybride dieren kregen een dunne 
darm transplantaat van een dier uit een ouderstam. De gemid­
delde overlevingstijd in deze groep was 11 dagen. De gewichts-
curves van deze ratten verschilden van die van de Wistar 
ratten met een dunne darm transplantaat. Er werd een geleide­
lijke daling gevonden, zonder de typische daling in gewicht, 
suggestief voor een afstoting. Histologisch onderzoek van 
obductie materiaal toonde aan, dat er bij 6 ratten verschijn­
selen waren van een GVH reactie en bij 4 ratten verschijnselen 
van een HVG reactie. Van deze 4 ratten hadden 3 ratten zowel 
verschijnselen van een GVH reactie, als van een HVG reactie. 
Verschillende hypothesen worden opgesteld, om het optreden 
van afstotingsverschijnselen te verklaren in het model Ρ —»-F. . 
Onze methode van dunne darm preservatie en transplantatie 
bij de rat, blijkt in deze studie een lage chirurgische 
mortaliteitsgraad te hebben met een betrouwbaar preserverende 
werking. De vorming van een functionele mesocavale shunt, 
blijkt geen invloed te hebben op de morbiditeit bij de rat 
en is meer in overeenstemming met de klinische situatie. 
Het mag gesteld worden, dat onze techniek van functionele 
heterotope dunne darm transplantatie bij de rat de mogelijk­
heden verruimt, tot het bestuderen van de immunologische 
problemen van de dunne darm transplantatie. 
* * * * * * 
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List of abbreviations. 
SMA 
SMV 
GVH 
HVG 
SPF 
Ρ 
F, 
AGI 
BN (Brown 
Wag/Rij 
L (Lewis) 
PCS 
MCS 
NOHA 
DMSO 
MHS 
RT1 
PAS 
H & E 
PALS 
Norway) 
superior mesenteric artery 
superior mesenteric vein 
graft versus host 
host versus graft 
specific-pathogen free 
symbol for "parental generation" 
the "first filial generation", produced 
by crossing two individuals 
the "second filial generation", produced 
by mating two members of the F. generation 
parental and F. hybrid strain donor-recipient 
combination for studying GVH reaction 
inbred strains of rats 
portacaval shunt 
mesocaval shunt 
naturally occurring and possibly cross-
reacting hetero- and allo-specific antibodies 
dimethylsulfoxide 
major histocompatibility system 
MHS of the rat 
periodic acid Schiff stain 
hematoxylin and eosin stain 
p e n arteriolar lymphatic sheath 
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S T E L L I N G E N 
Behorende b i j het p r o e f s c h r i f t 
SMALL BOWEL T R A N S P L A N T A T I O N 
An e x p e r i m e n t a l s t u d y i n t h e r a t 
In he t openbaar t e verded igen 
op v r i j d a g 7 mei 1982 
des namiddags t e 4 uur 
door 
J.M.A. van OOSTERHOUT 
-I-
Bij het preserveren van een dunne darm transplantaat van de rat 
kan een hoge flushdruk schade toebrengen aan de microcirculatie 
van het transplantaat. 
-II-
Na resectie van een deel van het terminale ileum, tesamen met 
het bijbehorende mesentenum, ontstaat er een verbeterde weef-
sel doorbloeding in de overige delen van een dunne darm trans-
plantaat van de rat. 
-III-
De veneuze drainage van een dunne darm transplantaat bij de rat 
in de vena cava van de ontvanger, in plaats van in de vena porta, 
geeft een lagere chirurgische mortaliteit, zonder beïnvloeding 
van de morbiditeit. 
-IV-
In vergelijking met de hond, is de veilige ischemische toleran-
tie tijd van de dunne darm van de rat, bij lichaamstemperatuur 
korter. Oppervlakte koeling alléén kan de veilige ischemische 
tolerantie tijd bij de rat slechts weinig verlengen. 
Teneinde een betrouwbare reconstructie mogelijk te maken na 
vasectomie, verdient het aanbeveling de plaats van de vasecto-
mie zo hoog te kiezen, dat er geen beschadigingen kunnen optre-
den van de cauda epididymidis. 
-VI-
De tweenjige microchirurgische anastomose techniek volgens 
Silber geeft de beste resultaten bij de epididymo- en vaso-
vasostomie. 
-Vil-
De peroperatieve kleuring met toluidine blauw is een waardevol 
hulpmiddel bij de detectie van bijschildklieren. 
-VIII-
Sinds de introductie van de flexibele sigmoideoscoop 213η er 
vrijwel geen indicaties meer voor diagnostiek met behulp van 
de starre rectoscoop. 
-IX-
Een koude botscan kan een vroeg teken zijn van een acute hema-
togene osteomyelitis en is een indicatie voor adequate chirur­
gische therapie, wanneer deze diagnose op klinische gronden 
niet kan worden uitgesloten. 
-X-
Er zijn verschillende behandelingsmogelijkheden voor verse 
traumatische rupturen van het laterale kapsel-band apparaat 
van de enkel, die alle een goed functioneel resultaat geven. 
-XI-
Er zijn weinig handelingen, waarvoor het bezit van tien vingers 
noodzakelijk is. Voor een goede handfunctie is motivatie be­
langrijker, dan het bezit van alle vingers. 
-XII-
Faecale continentie is een integrale prestatie van verschillende 
factoren. De belangrijkste oorzaak van verminderde continentie 
na entero-anale anastomosen is afname van de capaciteit van 
het neorectum . 
-XIII-
Ondanks de rijke dis van onderwijsvoorzieningen, waarvan men 
tegenwoordig kan genieten, is het bezit van een goed stel darmen 
altijd nog belangrijker, dan het bezit van een goed stel hersenen. 


